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I propose to divide my consideration of the educational standards of 
ophthalmology into four parts. The first deals with the standards to be 
met by candidates for the certificate of the American Board of Ophthal- 
mology at this time; the second, with the standards to be met by the 
schools and hospitals, and the third, with the standards required by the 
Advisory Board for Medical Specialties. If time permits, I shall dis- 
cuss in a fourth part some of my personal ideas about standards to be 
met at some future time or now. 


Read before the American Academy of Ophthalmology and Otolaryngology, 
New York, September 1936. 

1. The recent organization of so many new examining boards for medical 
specialties following more or less closely the example of the American Board 
of Ophthalmology has raised a number of problems as to the proper preparation of 
candidates for the practice of the various specialties. The Council on Medical 
Education and Hospitals of the American Medical Association, which has done 
such an epoch-making piece of work on hospitals and on undergraduate education, 
has, with commendable zeal, attacked this problem of graduate education in both 
schools and hospitals. It will take some time to find out, largely by experience, 
what are the best methods and what are the minimum standards of time and 
of teaching that must be enforced. This address was one of several made before 
the Teachers’ Section of the American Academy of Ophthalmology and Oto- 
laryngology in a panel discussion of the subject. 

The Council on Medical Education and Hospitals has published in the directory 
of the American Medical Association a list of the examining boards and has 
indicated its approval of some of the boards. The American Board of Ophthal- 
mology, the American Board of Otolaryngology and the American Board of 
Obstetrics and Gynecology, Inc., are the only ones not approved. They are the 
oldest boards and have had the most experience. The reason they are not yet 
approved is because they have not yet adopted the minimum standards set up by 
the Council on Medical Education and Hospitals and approved by the House of 
Delegates of the American Medical Association on June 11, 1934. These official 
standards call for three years of training after the general internship, followed 
by two years of further clinical experience, five in all, before certification. It is 
an aim of this paper to call attention to some of the arguments in favor of a 
shorter period of preparation in some specialties such as ophthalmology and 
otolaryngology, particularly when one plans to practice both specialties. I shall 
welcome criticisms and suggestions. 
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I. STANDARDS TO BE MET BY CANDIDATES FOR THE CERTIFICATE 
OF THE AMERICAN BOARD OF OPHTHALMOLOGY 


The educational standards required by the American Board of 
Ophthalmology for its certificate are, officially: graduation from an 
approved medical school; general internship of at least one year; two 
years of special study and clinical work, which consist of one year of 
study under competent instruction not necessarily continuous or in 
the same place and one year’s service in an ophthalmic clinic acceptable 
to the Council on Medical Education and Hospitals of the American 
Medical Association or an assistantship in the private office of a cer- 
tificated ophthalmologist. This two year period must be followed by a 
year of work in a well organized clinic or in private practice or as 
assistant to some competent ophthalmologist. These requirements are 
the outcome of theory modified by experience. The candidates who 
apply for the certificate come from all sources. They have received 
their training in the hospitals and schools of the country and have 
sought to obtain a good training. In other words, their training is 
the product of the country’s medical schools and hospitals. This is the 
condition that confronts the American Board of Ophthalmology. The 
theory is that the board should not exact more of these candidates 
than the available facilities can supply. One cannot expect the stream 
to rise higher than its source. The practice of the board has been to 
conduct its examinations on this basis. It uses discretion in enforcing 
these requirements. It believes that this theory is sound. If this be 
treason, make the most of it! The board has made free use of the 
plan of conditioning candidates in subjects in which they were deficient, 
requiring them to present themselves again after opportunity has been 
given for study. There have been some each year who failed completely. 
Students of the theory of teaching and of examinations state that 
of a given number of average students in an average class, a certain 
percentage should attain grade A, and certain percentages, grades B, C, D 
and F. The normal percentages for these grades are given as 6, 22, 44, 
22 and 6, respectively. According to this standard, the board might 
be expected to fail 6 per cent, and to condition 22 per cent plus, as it 
conditions at a grade of 65 per cent or at times, at even 70 per cent. 
In a small class it might happen that all the students were above the 
average in ability or that all were low grade. For large numbers it is 
probable that the theory has value. The results of examinations by the 
board show that during the last five years 420 candidates have been 
examined; 9.5 per cent failed,? and 29 per cent were conditioned. 
If only those who had residencies in ophthalmic hospitals or graduate 


2. Some were refused the certificate for ethical reasons. 
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courses of over six months are considered and those who had only 
European training as well as those who had only preceptorships or 
assistantships and various short courses are omitted, there are 260. Of 
these, 5.8 per cent failed, and 26 per cent were conditioned. Would it 
be fair to exact more under the circumstances ? 


II. STANDARDS TO BE MET BY SCHOOLS AND HOSPITALS 


I proceed to take up as my second question: What educational 
facilities may one expect the schools and hospitals to furnish? I do 
not ask what one should like them to furnish but what one may fairly 
expect. 

Here again one is confronted with a condition and with a theory. 
The condition is that the hospitals and schools are not equipped with 
the teachers or with the library, laboratory and clinical facilities neces- 
sary for an adequate or ideal course of training in ophthalmology. 
The theory is that they can and will supply these if there is a suffi- 
ciently strong, widespread and reasonable demand for them. 

Here the American Board of Ophthalmology can play an important 
part. 


While the board does not exercise an unreasonable strictness in 
its examinations and does not expect to, it has always set forth stand- 


ards with a view to stimulating teachers and students to strive for 
better standards of training than the prevalent standards. It has from 
time to time raised the standards and has tried to make them more 
definite. It expects to be ever more exacting as time goes on. As a 
result it confidently expects the schools and hospitals to improve their 
facilities at an even faster rate than they have been doing. With the 
powerful backing of the Advisory Board for Medical Specialties and 
of the Council on Medical Education and Hospitals, it looks for a 
demand on schools ‘and hospitals which will be both strong and wide- 
spread. I added a third adjective at the beginning. I said “reason- 
able.” I am so sure of my knowledge of the members of the American 
Board of Ophthalmology and of those whose representatives they are 
(the three national societies) that I feel safe in declaring that any 
standards which they promulgate will be reasonable. The board is 
ambitious, idealistic and optimistic; it has its head in the clouds, but it 
has its feet solidly on the ground. If one or another of the members 
goes too far, his colleagues will surely restrain him. But, as President 
Eliot of Harvard University once said, “fanatical zeal is what is required”’ 
to attain results in certain lines of endeavor. When the board encounters 
fanatical zeal it will try not to be impatient with it, but, realizing its 
great value as a driving force, it will rather do its best to point out 
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what sound common sense, logic and reason require. Then if there 
is a conflict of opinion one may be sure that logic, reason and sound 
common sense will prevail in the end. 


III. STANDARDS REQUIRED BY THE ADVISORY BOARD FOR 
MEDICAL SPECIALTIES 


The third question is: What is the educational standard of ophthal- 
mology which must be met at the present time to conform with the 
requirements of the Advisory Board for Medical Specialties? This 
board has set up certain standards, but, in justice, it must be pointed 
cut that they are in the nature of preliminary, not final, standards. It is 
expected that modifications will be required and will be made. Especially 
will the date be set forward as needed before enforcement is demanded. 

This standard, briefly, is: a degree from a satisfactory medical 
school; one year of internship; three years of training, which is divided 
into a period of graduate instruction and a residency and should be 
followed by two years of practice in a clinic or an office, five years of 
training in all. 

All ophthalmologists are familiar with this standard and must have 
noticed that it assumes that a certain period of time is virtually equiva- 
lent to the attainment of a certain amount of preparation. Dr. Lierle, 
speaking for the otolaryngologists, has taken a similar point of view 
in his paper this evening. To this I demur. I am sure that three 
years in one hospital, even with more or less teaching included, is 
not necessarily equal to, but rather may be decidedly inferior to, two 
years in another hospital where the work is so arranged and systematized 


that both basic sciences and clinical experience are adequately provided 
for. 


The American Board of Ophthalmology has given this matter a 
good deal of thought, as was incumbent on it. It seems that in ophthal- 
mology at least it is better to indicate in some fairly definite way what 
is to be covered by the teaching, rather than to say that a certain 
number of hours or months or years must be devoted to teaching. 
With this in view, the board has prepared syllabi of two kinds. One 
group of syllabi is to indicate to candidates what ground they are 
expected to cover in their study of the subjects concerned. The other 
group of syllabi is for teachers and is intended to outline courses of 
study more extensive and thorough than are at present commonly 
offered either in graduate schocls or in instruction to residents of 
hospitals. 


When courses are available which are well systematized and com- 
petently taught, it will be found that much more can be accomplished 
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in a year than was formerly supposed to be possible on the basis of 
the results obtained by the old type of short courses. 

I had occasion to prepare a report on graduate medical education 
for the Council on Medical Education and Hospitals in 1920. At that 
meeting Dr. Wilson reported that the results of a questionnaire sent 
to large numbers of specialists of the highest standing were as follows: 
Two hundred and seventeen responded. These reported an average 
of over a year of ill spent time per man in preparation for practice. In 
iny opinion, this is of extreme importance in setting up minimum 
standards. 

In coming to a conclusion as to the number of years required for 
preparation, two weighty arguments which one must consider are: 1. 
The necessary basic subjects and the necessary clinical experience can 
be well covered in much less than three years if there is no ill spent 
time, the teaching being well planned and well done. 


2. The average candidate, who is 25 years old when he finishes 
his internship, cannot afford to spend three years more in getting ready 
to try to earn a living, especially if he has to pay for instruction and 
for board and lodging during a period of from nine months to a year. 

In other words, one is confronted with a condition and a theory. 
The condition is that the rank and file of would-be ophthalmologists 


cannot afford the time and money needed for a type of training 
necessary for those who hope to become consultants, professors or 
heads of clinics but not necessary for those who aspire to an ordinary 
ophthalmic practice 75 or 80 per cent of which has to do with pre- 
scribing glasses. The theory is that enough ophthalmology can be 
taught in much less than three years to start these men on the right 
path. How this can be done will be pointed out later. 

Is one then to condemn the Advisory Board for Medical Specialties 
for setting up a standard of five years? By no means, if one under- 
stands the conditions they had to meet. It is obviously impossible for 
the Advisory Board for Medical Specialties to state what each board 
should demand in detail. The only plan they could adopt was a time 
basis, not a syllabus basis. With the laudable purpose of unifying the 
very heterogeneous group of specialties, of which it may be said that 
the more they become specialties the more they become different from 
each other, the attempt was made to put them all on one basis by requir- 
ing the same period of preparation for the practice of each. A little 
consideration of the facts will show that this is not possible—they differ 
so much that to demand the same period of preparation for each is too 
unjust to endure long. The same standards, yes; the same period of 
time, no! 

Some of the members of the American Board of Ophthalmology 
saw this when the matter was first proposed, and I was one of those who 
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raised his voice against it, but a few minutes later I changed my tune 
and advocated the adoption of the proposed plan in the interest of 
cooperation and harmony and in order to assure the more immediately 
vital principle that each board should be the final arbiter from which 
there could be no appeal in passing or rejecting candidates. To secure 
this absolutely essential principle some concession was called for. The 
outcome showed the wisdom of this concession. Moreover, it was 
obvious that many months must go by before the time rule could be 
enforced, and by that time it would be easier to decide on a sounder basis 
of settlement. In the end each board must be admitted to be the best 
judge of the standards for its own specialty, and sooner or later they will 
be given a free hand in deciding that fundamental question. More 
autonomy ! 
1V. PERSONAL VIEWS REGARDING STANDARDS 


The form which the fourth question takes is: What, in my opinion, 
are the educational standards of ophthalmology that must be met at 
this or at some future time, and how can they best be met? Hitherto 
i have tried to express the views not only of myself but of the majority 
of the members of the American Board of Ophthalmology. Fortunately, 
there are enough independence of thought and originality of ideas among 
us so that we do not agree on all matters, and out of the differences of 
opinion sounder policies eventually issue. There has never been any 
bitterness of dispute among us, and there has been remarkably little 
difference of opinion after free discussion. The training of ophthal- 
mologists is in the midst of evolutionary growth and progress. To be 
sure, the growth is slow, but it is real, and the rate of progress is much 
faster than before the American Board of Ophthalmology was organ- 
ized. We expect that the acceleration will be greater still, but we fear 
that much harm may be done if the attempt is made to substitute 
revolution for evolution. There are thousands of places where the local 
conditions favor the combination of ophthalmology and otolaryngology 
in the same practice. There are, for example, many instances of group 
practice in which the work of the group is not on a sufficiently large 
scale to support an ophthalmologist and an otolaryngologist but needs 
an eye, ear, nose and throat specialist. There should be provision for 
the training and recognition of such specialists. 

I have said that the American Board of Ophthalmology exercised 
considerable discretion in the enforcement of the standards set up by 
the Advisory Board for Medical Specialties; certainly not because of 
lack of a spirit of cooperation. At how many places in the whole coun- 
try can systematic instruction in the fundamental subjects on a univer- 
sity basis be obtained? I defy any one to name more than three. How 
many students can be accommodated at one time? Certainly less than 50. 
How many men are now preparing to practice ophthalmology? Not 
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less than 500. To set up and insist on a requirement which there is no 
provision to meet is futile, irrational and stupid. 


Ophthalmologists may be interested to know that the American Board 
of Ophthalmology has inaugurated a plan to contact men who are 
looking forward to practicing ophthalmology before they begin or soon 
after they begin its special study. The board thinks that there are sure 
to be many opportunities for it to aid and guide students at this stage 
of their career. 

Since the resident at the beginning of his residency cannot make 
the best use of his time unless he has had sufficient basic training to 
undertake such clinical work as refraction, retinoscopy, ophthalmoscopy, 
the use of the slit lamp and the taking of visual fields, it is inefficient 
and wasteful to start him at once in the clinical work without some 
instruction. On the other hand, too long a time devoted to the theory— 
the attempt to go too far into the intricacies of the methods of examina- 
tion before undertaking clinical work—is also inefficient and wasteful. 
When the beginner has enough to start with, he will learn the intricacies 
and fine points of the subject much more easily if he is doing clinical 
work at the same time, because his interest will be greater and his 
appreciation of the principles involved keener. Hence, in my opinion, 
the ideal standard to be met is an intensive preparatory course of 
three months before beginning his clinical work. Throughout the 
residency he should have regular systematic instruction by lectures, 
quizzes or conferences at least twice a week, with available time for 
work in the library and in the laboratory. 

In answer to the question of what should be the length of the period 
of residency with instruction, I think that eighteen months should be 
the minimum for an ophthalmologist of the second grade. 


If the board does not shut its eyes to a. very conspicuous demand, 
it must make some provision for the rather large group who practice 
both ophthalmology and otolaryngology. I think that the time has not 
yet arrived to demand a four year period of training for this group. I 
venture to suggest that satisfactory training could be provided in two 
and one-half years. This would provide for each branch one year of 
clinical and didactic work, each preceded by three months of intensive 
didactic basic work. 


This is not the place to go into detail about the various subjects 
to be covered in the instructional courses. They should include what is 
outlined in the syllabi of the American Board of Ophthalmology, 
but each institution will be able to excel in some special fields and may 
wisely give more where it is best fitted to give. Thus in time it will be 
well known where a student can get the best in any particular line in 
which he is interested. An ambitious student having completed the 
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minimum requirements will continue his studies in certain special fields 
at such institutions as can best supply what he seeks. Many will wish to 
obtain more complete preparation. 


This plan will require a larger number of residents in most large 
ophthalmic hospitals, and that will prove an advantage in many ways. 
More students can be provided with positions as residents. Better work 
will be done in helping the staff and in caring for the patients. The 
chief difficulty is not the added expense of housing and maintenance 
for the larger number of residents. No, the chief difficulty is the lack 
of really good teachers to give the three month all day course and to 
follow this with first rate teaching during the residency. This is the most 
important thing to work for—better instruction. 


Why did I say three months? I know that some advisers advocate 
six months and some nine months. Fortunately, all do not think the 
same. In some cities six months may be found satisfactory, and in 
others, nine months. I claim that from the point of view of expense 
to the student, from that of demands on the time of the teachers and 
from that of sound pedagogic principles three months is the best. 


One is tempted to raise the question whether or not time can be 
saved in other ways, for instance, by using some discretion in the 
selection of courses at various stages of the preliminary training in 
elementary and preparatory schools, in college and in the undergraduate 
medical school. Since in every case the student’s course must require 
in all these schools a selection and a rejection of subjects, why not 
exercise a wise choice from the start? Such a plan does not by any 
means involve rejecting all cultural studies in college, nor does it involve 
the lack of a broad general fundamental medical education. 


Another subject for future debate is the question of aptitude for 
a given calling, such as ophthalmology, an aptitude which should be 
determined to some extent before the student begins the study of the 
specialty, thus avoiding failure. 


SUMMARY 


The American Board of Ophthalmology proposes not to make a 
sudden large change in its standards but by gradual evolution to reach 
higher and higher standards. There are many evidences that this 
evolution is now going on in a satisfactory way. 

It is fair to divide ophthalmologists into two groups: (a) the few 
leaders in teaching, in research, in clinical work and in consultation 
work, and (b) the rank and file. It is not fair to demand as high a 
standard of the great rank and file as of the select group of leaders. 
There has been much “ill spent” time in the past. If this is reduced 
to a minimum, better training in half the time formerly required is 
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entirely possible. Each specialty should be the arbiter of how men 
are best prepared for the practice of that specialty. Different schools 
and hospitals will choose different plans for preparing students, and 
they should be given considerable freedom of action. For ophthalmology, 
the board plans to indicate by syllabi what ground should be covered, 
leaving it to the different institutions to decide how to attain the goal. 
My present choice is a minimum of three months of all day training 
on basic subjects, followed by at least twelve months of clinical work 
during which systematic teaching is carried on two periods a week, with 
time provided for study in the library and laboratory. 

The future goal of the board is training that is better (1) in regard 
to better teaching and (2) in regard to a longer period of preparation. 





APPLICATION OF THE AFTER-IMAGE TEST IN 
THE INVESTIGATION OF SQUINT 


A. BIELSCHOWSKY, M.D. 
HANOVER, N. H. 


The visual act in strabismus has been for a long time a controversial 
subject for partisans of the so-called empirical and nativistic doctrines, 
the former headed by Helmholtz, the latter by E. Hering. Helmholtz 
regarded the vision in strabismus to be a strong argument in favor of 
attributing the sensory correspondence of the two eyes to training and 
learning, referring to the fact that not only have patients with squint 
no diplopia but sometimes they even display rudiments of binocular 
cooperation. On the other hand, the nativistic theory, starting out from 
indisputable anatomic facts, such as the semidecussation of the optic 
nerves and the hemianoptic scotomas resulting from a lesion on one 
side of the calcarine cortex, claims that there is an innate basis for the 
sensorial relationship between the two retinas. Indeed, the old theory 
of retinal identity taught by Johannes Muller has been given up. E. 
Hering showed that the sensations produced by excitations of corre- 
sponding retinal points are not identical with respect to their space 
value but that the identity is confined to the visual direction in which 
the images formed on a pair of corresponding retinal points are local- 
ized. According to Hering, only the relative localization of the retinal 
images—relative to each other and to the principal visual direction where 
the images situated on the two foveae are localized—is based on pre- 
established conditions. The angle formed by the principal and any 
particular visual direction is determined by the arc between the foveae 
and that pair of corresponding points which that visual direction belongs 
to. In contrast to the relative localization, which depends on an innate 
mechanism, the absolute (egocentric) localization of outlying objects, 
i.e., the localization with respect to the observer’s body, is a function 
that is learned by experience and therefore can be easily adapted to cir- 
cumstances. For instance, in a case of recent paresis of an ocular 
muscle the “false orientation” which is to be found if the paretic eye 
is used for fixation disappears within a few days if the paretic eye is 
used continually for fixation, whereas the relative localization, being a 


From the Eye Clinic, Department of Research in Physiological Optics, Dart- 
mouth Medical School. 

Read at the three-hundred and eleventh meeting of the New England Ophthal- 
mological Society, Hanover, N. H., May 23, 1936. 
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function of retinal correspondence, remains unaltered, as is evidenced 
by the relation between the double images, which depends on both the 
kind and the amount of the deviation. While this fact will be con- 
firmed in every case of paretic squint, a different behavior is to be 
found in numerous cases of squint of nonparetic origin. The absence 
of diplopia may be due to one-sided amblyopia or to a mental suppres- 
sion of the retinal images of the squinting eye. However, since sup- 
pression is limited to a certain part of the visual field of the squinting 
eye—a greater or smaller part, as the case may be—diplopia can be 
elicited, without exception, in all cases of squint. If a dark red glass 
or a Maddox rod put before the fixing eye fails to produce diplopia, it 
will appear if in addition to the red glass a prism of 15 or 20 degrees 
is applied, displacing the retinal images of the squinting eye in any 
direction. A minority of the patients will now notice double images, tle 
position of which, relative to each other, corresponds to the objective 
angle of squint plus the deviating effect of the prism. A patient with a 
convergent squint of 20 degrees with a prism of 20 prism diopters 
put base out in front of the squinting eye, with the dark red glass 
hefore the other eye, would, for instance, see homonymous double 
images with a separation of 10 degrees. In most cases, however, the 
double images will show only the deviating effect of the prisms, as they 
would in a case of binocular single vision if that prism were applied in 
the same position. A patient with convergent squint of 20 degrees who 
has a prism of 20 prism diopters base out placed before one eye would 
see crossed double images, their separation being approximately 10 
degrees. Such behavior seems to imply a contradiction to the doctrine 
of the innate basis of retinal correspondence and has been taken as a 
proof that a new sensorial relationship between the two eyes can be 
developed which is adapted to the angle of squint. A few drawings 
may illustrate the difference between the normal and the new or 
anomalous retinal correspondence. Let it be supposed that while the 
right eye is covered one looks with the left eye through a window at a 
distant object, a chimney for instance (fig. 1). A dark ink spot made 
on the window pane, when fixated, covers the top of the chimney 
outside. If the right eye is now opened and looks through a pinhole 
at the dark spot on the window pane while a needle is held between 
that spot and the pinhole, the chimney, as well as the dark spot and 
the needle, will appear in one and the same direction, namely, the 
principal visual direction, whereas the real position of both the chimney 
and the needle relative to the observer is quite different. A person 
with paralytic convergent squint of the right eye looking with the left 
eye through a red glass at the light in the center of a tangent scale 
(fig. 2) will see the red light covering number 6 on the left half of 











C 


Fig. 1—The left eye is looking through a window pane (ff’) at an object 
outside (S) that is partly covered by an ink spot (?) made on f f’ with the right 
eye covered. If both eyes are then directed at P while a cardboard (KK’) with 
a pinhole is held before the right eye and a needle (N) is brought in the visual 
line between P and AK’, the image of S (=), and the images of P and N 
(N'), will be located in one and the same visual direction (CZ), because they 
are situated on corresponding retinal points. 
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Fig. 2—Double images in a case of paralytic squint. The left eye is looking 
through a dark red glass at the light in the center of the tangent scale. The 
red light formed on the left fovea appears coincident with the left number 6, 
the image of which lies on the right fovea, while the yellow light formed on an 
eccentric point (a) of the right retina is localized to the right of the red image. 
The distance between the double images subtends the angle of squint. 
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the board, namely, that number to which the right visual line is 
directed, and a second (yellow) image of the light is seen to the right 
of the red one, in the center of the board. The distance between the 
two lights subtends the same angle as the arc between the eccentric spot 
of the right retina bearing the image of the light and the fovea. The 
images of both the red light and the left number 6, being situated on 
both the foveae, are localized in one and the same visual direction. Save 
for the dark red glass in front of the left eye, which makes all its retinal 
images except that of the light invisible, the white light seen with the 
right eye would appear to cover the right number 6, as both these 
images are formed on corresponding peripheral spots. 
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Fig. 3.—A, arrangement of the equipment for the after-image test (horizontal 
position) : @ is the fixation mark on the black ring covering the center of the glow- 
ing filament (b). 8B, arrangement with the glowing filament (1) in the vertical 
position. 


There is no better way to demonstrate the sensorial relations between 
the two eyes than by means of after-images, which were first used by 
I. Hering for determining the corresponding retinal points. One may 
produce in one eye a horizontal and in the other a vertical after-image 
of a glowing filament, the center of which is concealed by a black ring 
with a white fixation mark (fig. 3). The latter will be fixated by 
each eye for about ten seconds while the other is covered. Every 
one with normal retinal correspondence will see in a dark room the 
positive or in a bright room the negative after-images forming a 
cross, because the centers of both after-images are situated on the 
foveae. Whatever the position of the eyes relative to each other may 
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be, it cannot influence the position of the after-images relative to each 
other as long as the normal retinal correspondence is functioning. One 
may displace one eye with the finger or with a forceps; the figure of a 
cross formed by the after-images will remain unchanged, their centers 
being fixed on the two foveae. The same is true in nearly every case 
of paretic squint and, further, in a minority of cases of concomitant 
squint, particularly if the squint has not developed in early childhood. 
But in most patients who have squinted since earliest childhood the 
after-image test gives a different result. It is, of course, applicable only 
if either eye is able to fixate the center of the glowing filament. A 
patient with a convergent squint will see the after-images arranged 
relative to each other as in figure 4. If the vertical after-image is 
produced in the right eye and the horizontal one in the left eye, the 
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Fig. 4—Schematic illustration of normal and anomalous retinal correspondence 
in convergent strabismus. The right eye is turned in (visual line f2C).|F is 
formed on the left fovea (f:) and on an eccentric point (a2) of the right retina. 
In a patient with normal correspondence the after-images of a horizontal and a 
vertical line produced in the left and the right eye in succession would be seen 
forming a cross (the diagram to the left) because the centers of the two retinas 
(f: and fz) bear the centers of the horizontal and the vertical after-image, 
respectively, and localize them in one and the same direction, namely, the principal 
visual direction (/F). If the same patient had an anomalous retinal correspondence 
adapted to the angle of squint, the after-images produced in the same way would 
appear separated from each other as illustrated in the diagram to the right, the 
centers of the after-images lying approximately in the direction of the two 
visual lines f:1F and f2C. In the diagram in the center the unbroken lines 
connect the corresponding points of the two retinas in a patient with normal 
correspondence, and the broken lines, those in a patient with anomalous cor- 
respondence adapted to the angle of squint. 


patient will see, instead of a cross, the vertical image either intersect- 
ing the left half of the horizontal image or passing beyond the left 
end of it. That is to say, the images situated on the foveae or any 
other pair of corresponding retinal points are localized according to 
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anomalous correspondence not in one and the same visual direction 
but in different directions (FF and BB), forming an angle of a certain 
degree. If the glowing thread was at a distance of 50 cm. from 
the patient’s eyes while the after-images were produced, their length 
will correspond to an angle of approximately 22 degrees, so that from 
the patient’s statement as to the distance between the centers of the 
after-images one can easily calculate the angle at which the visual 
directions of the foveae, as well as those of any other pair of cor- 
responding points, deviate from each other. In many cases that angle 
is approximately equal to the angle of squint, i.e., the subjective visual 
direction of the fovea of the squinting eye coincides approximately 
with its (objective) visual line (the line f.C), and the image of the 
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Fig. 5—Normal and anomalous correspondence in divergent strabismus. The 
two after-images form a cross (the diagram to the left) if the two foveae localize 
the centers of the after-images in one and the same visual direction (normal 
correspondence). The after-images appear separated (the diagram to the right), 
the vertical one belonging to the right eye being shifted to the right, if the 
relationship between the two retinas has been adapted to the divergent position of 
the visual lines. The unbroken lines (the diagram in the center) connect cor- 
responding retinal points in normal, the broken lines those in anomalous, cor- 
respondence. 


fixated object formed on a peripheral retinal point of the squinting 
eye is localized approximately at the same place as the foveal image 
of the fixing eye. The same conditions, mutatis mutandis, are to be 
found in many cases of divergent squint. The image of the fixated 
object formed in the squinting eye on an eccentric point in the tem- 
poral half of the retina will be localized in the same visual direc- 
tion as the foveal image of the fixing eye, and the vertical after-image 
produced in the squinting eye will not appear to pass the center of 
the horizontal after-image but will be displaced to the side of the 
squinting eye (fig. 5). An exact comparison between the objective 
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angle of squint and the angle formed by the subjective visual directions 
belonging to the foveae in the cases under discussion can be made by 
using after-images to measure the angle of squint. While the patient 
looks at the center of the tangent scale he will see the vertical after- 
image, the center of which is formed on the fovea of the squinting 
eye, pass one number in the left or the right half of the scale, respec- 
tively. The distance between that number and the center subtends the 
angle of squint. 

The conformity of the latter to the angle formed by the visual direc- 
tions of the foveae must be considered as a functional adaptation of 
the sensory apparatus to the abnormal position of the eyes relative to 
the fixated object. In the face of this adaptation one would expect 
binocular single vision notwithstanding the squint. But in the inves- 
tigation of many hundreds of patients with strabismus only rudiments 
of binocular vision have been ascertained, and these have been noted 
in only a very few cases. A light or white disk appeared colored to 
such patients if a colored glass was put in front of the squinting eye. 
If simple drawings were presented to them in a stereoscope they were 
able to see the drawings combined or superimposed but without depth 
perception and without the phenomenon of rivalry which will be found, 
as a rule, in normal binocular vision if pictures of different kinds and 


colors are presented in a stereoscope. I found a certain amount of 


depth perception only exceptionally in cases of strabismus. If Hering’s 
drop test was arranged in such a way that the images of the dropping 
balls were seen with peripheral retinal parts of approximately equal 
acuity (fig. 6), those patients were able to judge the distance of the 
dropping balls relative to the point of fixation obviously better than 
they did if the squinting eye was covered during the test. Fusion 
movements could never be produced in a case of squint. Most of the 
patients did not show even the aforementioned rudiments of binocular 
cooperation. If a light is moved across the patient’s visual field while 
he is looking straight ahead with glasses of different color before the 
two eyes, the light will show the color of the glass that is in front 
of the fixing eye except in a small part of the visual field bordering 
the squinting visual line, where it will show the color produced by the 
glass in front of the squinting eye only. There is no mixing of color 
in any part of the visual field. For the time being ophthalmologists 
are unable to explain why new sensorial relationships between the two 
eyes develop in the majority of cases of squint in which the retinal 
images of one eye are suppressed just as completely as in cases in 
which the original normal correspondence is intact. From the empiristic 
point of view it seemed obvious that in the former group, in which 
squint arose in early childhood, the primary correspondence had not 
yet developed. This supposition was shown to be wrong. Many 
patients who show an anomalous sensorial correspondence with the after- 
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image test will be much surprised, if the test is repeated in exactly the 
same way in a dark room or with both eyes closed, to observe that 
sooner or later the position of the after-images relative to each other 
is different in the individual tests. At one time they will appear 
separated, while the next time they will form a cross, displaying the 
normal retinal correspondence. In later tests the patient may again 
localize the after-images in the abnormal way, or he may see them, at 
short intervals, now separated and now forming a cross, without being 
able to produce one or the other localization voluntarily. Further, there 





re m og 


Fig. 6—Diagram illustrating Hering’s drop test modified for testing binocular 
depth perception in cases of convergent squint. Instead of looking at a point B 
located in the median plane (mm) the patient has to fixate with the left eye a 
point A. If the distance between 4A and B subtends an angle of about half the 
amount of the angle of squint, the squinting right eye will be in such a position 
that the angle formed by F:C and b B will be equal to the angle between FA and 
a B, and the ball dropping very near to B will be imaged on retinal points of 
approximately equal eccentricity. 


are patients who have squinted since earliest childhood and who tor 
twenty, thirty or more years never had the opportunity to make use 
of the primary retinal correspondence. When their eyes are straightened 
hy an adequate operation, so-called paradoxical diplopia frequently sets 
in, which at times is very annoying and may last for days or even 
months. The distance between the double images subtends an angle 
which is approximately equal to the difference between the present and 
the former position of the eyes. For instance, crossed double images 
of 25 degrees will be seen by a patient with a, previous convergent 
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squint of 30 degrees that had been reduced to an angle of 5 degrees. 
During examination such a patient may suddenly state: ‘Now I don't 
see the images so far apart; they are quite close together, and the 
wrong image is shifted to the other side.” And in the course of the 
examination he may be puzzled by a rapid change from one mode of 
localization to the other, so that at times he may be unable to say 
whether the wrong image is to the right or to the left of, the other 
image (fig. 7). This peculiar behavior is due to a spontaneous awaken- 
ing of the original retinal correspondence and to the development of 
a kind of rivalry between the original (normal) and the anomalous 
sensorial relationships. In such cases every retinal point has two visual 





Fig. 7—Diagram showing rivalry between normal and anomalous correspond- 
ence arising in convergent strabismus associated with anomalous correspondence, 
as illustrated in figure 4, after the angle of squint has been reduced from 30 
to 5 degrees. The fixated object (F) will be seen at one time in crossed, at 
another time in uncrossed, double images; sometimes even triplopia may occur, 
the crossed image appearing simultaneously with the uncrossed one, in addition 
to the image seen with the fixating (left) eye. Crossed double images will be 
seen as long as the visual directions are determined by the anomalous cor- 
respondence according to which the images formed on az, as well as on fi were 
localized in one and the same visual direction (Ff:). An image formed on bz must 
be localized in the direction of A: to the left of F, since be lies to the right of ue. 
Uncrossed double images, the distance of which coincides with the angle of squint 
(convergence of 5 degrees), point to normal correspondence, since the image formed 
on bs must appear in the direction of A to the right of the median plane in which 
both foveal images are localized. In exceptional cases three images are seen: 
one belonging to the left eye, in the direction of FF, between the two other images, 
belonging to the right eye. 
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directions where its impressions are localized either alternately or— 
in rare instances—even simultaneously, so that monocular diplopia or 
binocular triplopia results.* 

In contrast to the patients with a striking adaptation of the 
anomalous sensorial relationship to the angle of squint, there are many 
other cases in which the anomalous sensorial relationship does not fit 
in at all with the deviation which is evidenced by the after-image test 
as well as by the test for diplopia. If the after-image test is repeated 
several times in succession under identical conditions some patients 
will show different types of anomalous retinal correspondence, the cen- 
ters of the after-images sometimes being perhaps twice as far apart 
as at other times. In such cases the angle of squint may or may not 
show similar differences, which, however, cannot be responsible for the 
varying localization of the after-images, because these are observed either 
with both eyes closed or in a completely darkened room, so that they 
are not influenced at all by the position of the eyes relative to each 
other. If the angle of squint has been reduced by an operative pro- 
cedure without the establishment of binocular single vision, the anoma- 
lous relationship, as a rule, will also change within a short time; only 
occasionally will one find it to be the same for a longer period as during 
the previous stage of squint. 

According to the empiristic doctrine, one would expect that no 
anomalous correspondence will develop if squint does not begin in early 
childhood but sets in later, perhaps after the sixth year, when 
the normal sensorial correspondence has been definitely established. 
Indeed, among such cases the percentage of patients with squint who 
have an intact normal correspondence is considerably greater than that 
of patients who have been squinting since earliest childhood. But there 
are numerous patients with a periodic squint who make use of the normal 
correspondence during the periods of binocular single vision but who, 
if the latent deviation becomes manifest temporarily, present an anoma- 
lous correspondence which may be ascertained by the after-image test 
as well as by the discrepancy between the double images and the objec- 
tive deviation. 

Helmholtz regarded the development of an anomalous correspon- 
dence adapted to the angle of squint as a strong argument in favor of 
his empiristic doctrine. But considering the numerous variations of 
the visual act in squint one cannot conceive that purposefulness fur- 
nishes the impulse for the development of a new sensorial relationship 
between the two eyes, first, because there could be ascertained only a 
poor rudiment of binocular vision and even that was noted in only a 
small minority of cases of squint; second, because, as a rule, the retinal 

1. Bielschowsky, A.: Ueber monoculare Diplopie ohne physikalische Grundlage 


nebst Bemerkungen iiber das Sehen Schielender, Arch. f. Ophth. 46: 143-183, 1898; 
Untersuchungen iiber das Sehen Schielender, ibid. 50:455, 1900. 
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images of the squinting eye are suppressed in patients with anomalous 
correspondence just as completely as in those in whom the normal cor- 
respondence is intact and, third, because anomalous correspondence is 
found notwithstanding a one-sided high amblyopia that has existed since 
early childhood and prevented any sensorial cooperation of the two eyes. 
The results obtained during the last forty years in the investigation 
of the visual act in squint, particularly by means of the after-image 
test, have compelled even the most faithful pupils and friends of Helm- 
holtz, such as von Kries, to acknowledge that retinal correspondence is 
based on preestablished, innate conditions. 

Aside from its importance for the solution of theoretical problems, 
the after-image test is of great value for practical purposes. The pros- 
pect of restoring binocular vision by correcting the faulty position of 
the eyes will, of course, be much better if the original correspondence 
has been shown to be present. All ophthalmologists know patients who 
have never noticed diplopia but who have suffered tremendously from 
so-called paradoxical diplopia after the eyes have been straightened. 
The diplopia can be very persistent and cause a good deal of trouble to 
the patient as well as to the physicidn. One can prevent the trouble to 
a certain extent by determining the kind of sensorial correspondence 
that exists in the individual case of alternating squint. If normal cor- 
respondence is shown to be present by means of the after-image test, 
either without or in addition to an anomalous correspondence, one is 
warranted in expecting that the normal correspondence will start func- 
tioning after the faulty position of the eyes has been corrected. 

The after-image test is so simple and easy to perform that even 
children are able to tell how they see the after-images arranged relative 
to each other. Of course, one must avoid any influencing suggestion in 
the test. The patient must be told only-that he will see a vertical and a 
horizontal after-image and that he must carefully watch the position of 
both lines relative to each other so that he may be able to reproduce 
what he sees by means of a simple drawing. 


REPORT OF CASES PRESENTED AT THE MEETING OF THE NEW 
ENGLAND OPHTHALMOLOGICAL SOCIETY 


Case 1—Mr. B., aged 28 years, a student, had convergent strabismus, which 
developed in the third year of life. When he was 12 years old, recession of the 
internal rectus muscle and advancement of the external rectus muscle were 
performed bilaterally. Since then secondary divergent squint has been present. 
Vision in the right eye with a +1.0 sph. — +3.5 cyl. was 20/15, and vision in the 
left eye with a —4.5 sph. — —3.0 cyl. was 20/200. The angle of squint was 15 
degrees. There was crossed diplopia of 15 degrees (normal retinal correspondence). 


, 


Aiter-images — —R showed an anomalous correspondence adapted to the 
a 


angle of squint. 
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Case 2.—Mr. T., aged 46 years, had convergent strabismus, which had developed 
in the fourth or fifth year of life. Both the external rectus muscles were advanced 
seventeen years ago. Since then he has had alternating convergent strabismus. 
He has hyperopic astigmatism and normal vision with glasses. There are crossed 
double images separated by 18 degrees, corresponding to the angle of squint. 

| 

After-images — —showed normal correspondence. 

| 

Case 3.—Mr. McL., aged 48 years, had had convergent strabismus in the right 
eye since early childhood. He was operated on forty-one years ago, and since 
then he has had divergent strabismus of the right eye and hyperopic astigmatism. 
With correcting glasses vision in the right eye was 20/200 and vision in the left 
eye was 20/15. The right eye was in an extreme divergent position (40 degrees), 
and there were total loss of function of the right internal rectus muscle and strong 
secondary contracture of the external rectus muscle. There were crossed double 


images apparently coinciding with the angle of squint. After-images — —R 
i. 


pointed to anomalous correspondence. The right eye was brought back to the 
normal position by shortening and advancing the fascia of the internal rectus 
muscle, which had completely disappeared; the right external rectus muscle was 
placed back. Binocular vision and depth perception were restored in a considerable 
area of the central part of the field of fixation; the right eye can be turned in 
almost to the normal extent. After-images form a cross—another proof that 
the innate retinal correspondence is not abolished, even if no use has been made 
of it for more than forty years. 


CAsE 4.—Miss St. H., aged 20 years, had convergent strabismus in the right 
eye since’ the third year of life. Vision in the right eye with a + 1.0 sph. — 
+ 6.0 cyl. was 20/100, and vision in the left eye with a + 2.0 sph. was 20/20. 
The angle of squint was 28 degrees, and there were uncrossed double images, the 


| 


separation of which corresponded to 28 degrees. After-images — —also showed 
| 


normal correspondence. After operation perfect binocular vision with depth 
perception was obtained. 

Case 5.—Theodore F., aged 12 years, had alternating convergent strabismus 
since the fourth year of life. He had normal vision with glasses correcting the 
hyperopic astigmatism. The angle of squint was 20 degrees. Double images were 
localized alternately, according to either the normal correspondence or to an anoma- 


lous correspondence adapted to the angle of squint. After-images were 


| 
| 
| 


R 

L 
Two thirds of the squint was corrected by operation. Immediately afterward 
spontaneous diplopia appeared, which still continues without bothering the patient 
much. At first, after the operation, there were crossed double images (their 
separation being 12 degrees) in spite of a residue of convergence (7 degrees) ; in 
a later stage there was uncrossed diplopia (of from 5 to 7 degrees). Under 
certain conditions binocular triplopia or monocular diplopia, respectively, is 
noticed by the very intelligent boy. The results of the carefully performed and 
repeated examinations will be published in detail later in connection with those 
obtained in similar cases. 





THE PRINCIPAL DRAINAGE CHANNELS 
OF THE EYE 
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The principal drainage channels of the eye are herein considered as 
being the ocular veins which may be injected from the anterior chamber, 
as was done by Schwalbe,’ Leber,” Gutmann,’ Seidel * and many others. 
These veins are the anastomoses of a great network (schematically illus- 
trated in figure 1) ° which has been abstractly divided and subdivided 
into smaller ones. For instance, Maggiore ®° spoke mainly of the con- 
juctival plexus, the plexus of Tenon’s capsule, the episcleral plexus, the 
deep intrascleral plexus and the canal or plexus of Schlemm. Dvorak- 
Theobald * failed to distinguish the plexus of Tenon’s capsule described 
by Maggiore. She spoke mainly of the conjunctival plexus, the episcleral 
plexus, the intrascleral plexus, the deep scleral plexus and the canal or 
plexus of Schlemm. The abstract division of the great network of 
drainage channels into smaller ones has its advantages, and it also has 
its disadvantages, unless one constantly bears the fact in mind that any 


From the Department of Physiology of the Marquette University School of 
Medicine. 
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of the divisions or subdivisions is only a noticeable architectural feature 
of the total network. 

In the present paper I shall speak principally of the periscleral 
plexus, the midscleral plexus and the cavernous plexus (fig. 1). The 
only claims made in favor of this division of the great network of 
drainage channels into smaller ones are that the anatomic basis for 
it is not entirely lacking, that it is simple and that it can be conveniently 
used in discussing the drainage channels in the greater number of 
mammalian eyes. 

The periscleral plexus consists of the conjuctival plexus, the plexus 
of Tenon’s capsule and the episcleral plexus of Maggiore or of the 
conjunctival and episcleral plexuses of Dvorak-Theobald. In discussing 
the eyes of some mammals it will be convenient to speak of the con- 
junctival and episcleral portions of the periscleral plexus. 

In many mammals the midscleral plexus might also be called the 
plexus of Hovius, of which the most conspicuous part is commonly 
referred to as the circle of Hovius (figs. 1, 4, 5, 6, 21, 22, 23 and 24). 
One does not ordinarily speak of the circle of Hovius in the human eye, 
but I am convinced that it is useful, consistent and advisable to do so 
as long as one speaks of the circle of Hovius in the eyes of such mam- 
mals as the members of the families Canidae, Felidae and Bovidae. 
The midscleral plexus is very inconspicuous in the eyes of a small 
number of mammals, such as the wallaroo kangaroo (figs. 13 and 14) 
and the Sykes blue monkey. 

For the sake of clearness and simplicity in discussing the cavernous 
plexus I shall more or less abstractly divide the uvea into two layers. 
These are the inner and the outer layer as shown schematically in 
figures 1, 2 and 3. The avascular Descemet’s membrane will be looked 
on as being the anterior portion of the outer layer of the uvea. The 
anterior portion of the inner layer of the uvea consists of the iris in 
adult mammals and of the iris and the pupillary membrane in mammals 
in fetal life and in some mammals during the first few days of postnatal 
life. In early intra-uterine life the two uveal layers form a single uvea 
which lines the cornea and sclera. As long as this is the case the anterior 
chamber of the eye is only a potential chamber. 

The potential anterior chamber becomes an actual one at the time 
that the anterior portion of the inner layer of the uvea (the iris, the 
pupillary membrane and some endothelial cells) separates from the 
anterior portion of the outer layer of the uvea (Descemet’s membrane 
and some endothelial cells). This separation is incomplete in the vicinity 
of the limbus. The elastic fibers and columns of elastic material which 
continue to connect the two uveal layers with one another in this region 
are the trabeculae of the drainage angle of the anterior chamber, and 
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Fig. 1—Schematic representation of the periscleral, midscleral and cavernous 
plexuses in a mammalian eye in which the midscleral plexus is well developed. 
Care was taken to show the absence of the scleral spur and the scleral fissure. The 
uvea is répresented as consisting of a thick inner layer and a relatively thin outer 
layer. The vascular portion of the outer layer is continuous with the avascular 
Descemet’s membrane, which is closely applied to the corneosclera as well as the 
cornea. The perichoroidal space is only a potential one and is accordingly not 
shown as a space in the picture. Only one of the trabeculae in the drainage 
angle is shown. No effort was made to show the ciliary muscle. The cornea may 
seem to be too thin, relative to the sclera, but the sclera is represented as being 
much thicker than it usually is in the dead eye because the midscleral and cavernous 
veins are represented as being inflated by an injection fluid. Note the anastomoses 
connecting the cavernous plexus with the midscleral plexus and the uveal plexus. 
Note the portion of the cavernous plexus in the drainage angle. This intra-ocular 
pertion of the cavernous plexus is probably the “iridoscleral sinus” of Sonder- 
mann. In some eyes, such as that of man, the midscleral and cavernous plexuses 
do not extend as far posteriorly as is represented in this picture. 

Fig. 2—This drawing shows only the midscleral and cavernous plexuses after 
the intra-ocular portion of the cavernous plexus has broken down, leaving three 
venae vestigia oculi with their open mouths or foramina venarum minimarum at 
or near the inner surface of the scleral tissue. These venous stumps are the 
inner canals of Sondermann; the anterior portion of the cavernous plexus to which 
these canals lead is evidently Sondermann’s canal of Schemm, and the anastomoses 
connecting the anterior portion of the cavernous plexus with the anterior portion 
of the midscleral plexus are evidently the outer canals of Sondermann. 

Fig. 3.—This picture represents the separation of the inner and the outer layer 
of the uvea which occurs when the iris is pulled inward and posteriorly, as was 
described by Schwalbe. Essentially this method was employed in exposing the 
outer layer of the uvea in the rabbit’s eye shown as figure 7. 

At the drainage angle the inner layer of the uvea (the base of the iris) becomes 
spontaneously separated (incompletely, however) from the outer layer. When 
the iris is pulled inward and posteriorly, as is shown in figure 3, the inner and the 
outer layer become completely separated, as the trabeculae in the drainage angle 
break, and this separation may be continued to points near the posterior pole of 
the globe. Trabeculae form and then break as the separation of the posterior por- 
tions of the uveal layers occurs. 
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the spaces between them are some of the spaces of Fontana. The 
trabeculae are spoken of collectively as the ligamentum pectinatum. The 
spontaneous creation of the trabeculae means the spontaneous rarefac- 
tion of some of the uveal tissue. The presence of some very inflatable 
blood vessels (especially the capillaries and veins) in this region facili- 
tates the rarefaction of the uveal tissue in the angle. In almost all 
mammals these blood vessels vanish during fetal life, and the intra- 
vascular spaces accordingly become spaces of Fontana. These spaces 
then stand in direct communication with the other spaces of Fontana 
which developed as the trabeculae developed. 

The cavernous plexus (figs. 2, 3, 7, 8 and 9) is situated only in 
the deep part of the sclera in all the mammals in postnatal life examined 
except the wallaroo kangaroo and the sasin antelope. During a part 
of fetal life and the first few days of postnatal life of the sasin antelope, 
during a part of the life of the wallaroo kangaroo in the pouch and all 
its later life and during a part of the fetal life of all the other mammals 
examined a part of the anterior portion of the cavernous plexus lies in 
the trabecular tissue of the drainage angle of the anterior chamber 
(figs. 1, 11, 12, 14, 16, 17, 18, 19 and 20). This intra-ocular portion 
of the network breaks down in all the mammals examined except the 
wallaroo kangaroo (fig. 14). The greater part of the cavernous plexus 
in fetal life (fig. 1) and all of it in adult life (excepting inthe kan- 
garoo) is situated in the soft tissue of the inner part of the sclera. By 
means of numerous large and small anastomoses the cavernous plexus 
is connected with the midscleral plexus (figs. 1 and 8). It is also con- 
nected, by means of a much smaller number of anastomoses, with 
veins in the ciliary body and some other parts of the uvea (figs. 
1 and 7). 

In the eyes of some mammals the cavernous plexus might be called 
the cumulous plexus because of the resemblance of some of the veins 
to cumulous clouds when these vessels are injected and are examined 
with a binocular microscope. Maggiore * spoke of the varicose appear- 
ance of some scleral veins which are probably parts of this plexus. 
Many of these veins are like the veins or so-called venous spaces in the 
corpora cavernosa of the penis. 

In very early intra-uterine life all parts of the cavernous plexus 
are very simple vessels. This is also true of the veins in the erectile 
tissue of the nasal passages and of the penis of fetal and infant mam- 
mals. Some of the nondilated vessels of the cavernous plexus are 
shown posteriorly to the drainage angle in figure 11. Figure 12 shows 


8. Swindle, P. F.: The Architecture of the Blood Vascular Networks in the 
Erectile and Secretory Lining of the Nasal Passages, Ann. Otol., Rhin. & Laryng. 
44:913, 1936. 
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vessels in and near the drainage angle which were considerably dilated at 
the time of death, but these can still be spoken of as simple vessels in 
comparison with corresponding vessels at a somewhat later stage of 
development of the fetal eye. Later stages of development are shown 
in figs. 16, 17, 18, 19 and 20. 

The greater number of the mildly injected veins and capillaries 
shown in figures 16, 17, 18, 19 and 20 (the capillaries cannot be dis- 
tinguished from some of the smaller veins at these stages of develop- 
ment) and almost all the arteries which lie among these distorted veins 
and capillaries would have ballooned up still more and then vanished 
if life had continued. In the human fetus such vessels usually vanish 
before the fifth month. In the sasin antelope (fig. 19) they often fail 
to vanish until two or three days after birth. In the wallaroo kangaroo 
(figs. 13 and 14) they become somewhat dilated at the time that the 
potential anterior chamber becomes an actual one, but they do not break 
down as long as the eye remains normal. 

The ligamentum pectinatum of the kangaroo’s eye is too strong and 
dense to permit the vessels in it to balloon up sufficiently to break down. 
The same is true, but to a lesser extent, of the pectinate ligament of the 
sasin antelope. In these animals, especially in the wallaroo kangaroo, 
the pectinate ligament is so strong that it does not permit the iris to 
move inward and posteriorly as far as it does in other eyes at the time 
that the base of the iris (a portion of the inner layer of the uvea) 
separates incompletely from a portion of the outer layer of the uvea to 
form the drainage angle. The pectinate ligament accordingly remains 
dense enough to be an adequate physical protection against rupturing 
of the delicate walls of the distended vessels for an especially long 
time in the sasin antelope and indefinitely in the wallaroo kangaroo. 

In all the other mammals that I have examined many of the vessels 
in the drainage angle break down so completely before birth that they 
lose their identity as vessels. The large, mildly injected vessel shown 
in figure 16 (like the one illustrated schematically in figure 1) lies well 
within the ligamentum pectinatum, and it was evidently on the verge 
of breaking down at the time of death because the elastic tissue about 
it had become too greatly rarefied to serve much longer as an adequate 
physical protection against rupturing of the greatly distended delicate 
walls. This vessel is still connected with vessels in the iris and ciliary 
body and also with vessels in the sclera. The complex lumen of such 
a vessel becomes a complex space of Fontana as soon as the vessel 
breaks down, and the stumps connecting such a space of Fontana with 
the scleral vessels continue to have open mouths. So far as I have 
been able to ascertain, however, the stumps which lead to the iris and 
ciliary body become obliterated. 
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Fig. 4—Section from the eye of a red fox. Note the imperfectly injected mid- 
scleral plexus (circle of Hovius), the variations in the intensity of the injection 
of individual veins of the plexus and the slender arciform anastomoses connecting 
some anterior veins of the midscleral plexus with the conjunctival portion of the 
periscleral plexus. This eye was enucleated and injected from the anterior chamber 
about eighteen hours after the animal died. Immediately after death the blood 
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was washed out of the vessels of the body by injecting a 4 per cent solution of 
sodium citrate into a common carotid artery with a hypodermic syringe while an 
external jugular vein was open. 


Fig. 5.—Section from the eye of a red fox. The technic was the same as for 
the eye in figure 4 except that the eye was enucleated and injected immediately 
after the blood was washed out of the vessels of the animal by using the solution 
ef sodium citrate. Note the anterior portion of the cavernous plexus, its many 
connections with anterior veins of the midscleral plexus, the absence of ink in the 
posterior portion of the cavernous plexus, the extensive injection of the midscleral 
plexus (in comparison with figure 4) and the small streaks of black in otherwise 
gray veins of the midscleral plexus. 


Fig. 6.—Section of the eye of a hamadrias baboon. Note the good injection 
of the anterior portion of the cavernous plexus, the very poor injection of the 
posterior portion of this plexus and the good injection of the greater number of 
the veins of the midscleral plexus. Some of the veins of the midscleral and 
cavernous plexuses are so intimately associated with one another, by means of 
large and small anastomoses, that it is difficult to determine from either the 
specimen or the photomicrograph where one plexus begins and the other ends. 


The eye was enucleated and injected from the anterior chamber immediately 
after the animal died. The method of making the injection was the same as for 
the eye in figure 5 except that the injection pressure was altered in a rhythmic 
manner, the highest pressure being barely great enough to cause a smoky appear- 
ance of the cornea. The posterior portion of the cavernous plexus became too 
mildly injected to present very definite outlines in the photomicrograph. Some »f 
the periscleral veins became injected, but these were carefully dissected away in 
order to show the midscleral and cavernous plexuses as clearly as possible. 


Fig. 7—Section of the eye of an albino rabbit. To the right of the vertical 
ink line the veins were made more distinct with pen and ink. The periscleral and 
midscleral plexuses were eliminated by dissection. Note the continuity of the 
anterior and posterior portions of the cavernous plexus. Some of the veins of 
this plexus anastomose with veins of the uveal plexus, as can be seen clearly in 
the specimen. The black spots in the upper part of the picture are the foramina 
venarum minimarum filled with ink. 

Immediately after the animal was killed the eye was enucleated; a small open- 
ing was made in the cornea to permit a slow escape of aqueous humor; a hypo- 
dermic needle (gage 20) was inserted (through the sclera, choroid, retina and 
hyaloid membrane) into the vitreous chamber to permit a slow escape of vitreous 
humor, and then india ink was injected in a rhythmic manner into a vorticose vein 
until a detectable amount of ink appeared in the anterior chamber. After the eye 
was placed in acid and then washed in water the posterior portion of it was cut 
away; the lens and vitreous were removed, and the anterior shell of the globe 
was dehydrated and cleared. Immediately after the specimen was placed in methyl] 
salicylate it was divided into quadrants, and the portion of the iris of each quadrant 
was pulled inward and posteriorly until it separated completely from the corneo- 
sclera as far as the posterior limit of the drainage angle. The anterior portion 
of the cavernous plexus was then distinctly visible through the loosened and cleared 
trabeculae of the drainage angle. Direct connections between the anterior portion 
of this plexus and some uveal veins near the posterior limit of the drainage 
angle could be distinctly seen. Such venous anastomoses are regularly present in 
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the eyes of the placentalia; it is merely easier to demonstrate them in albino eyes 
than in pigmented eyes. A scleral spur, when this is permitted to develop, inter- 
feres with a clear demonstration of these anastomoses because the spur pulls the 
anastomoses forward and occludes them so that they do not become injected. 

When the iris was pulled still farther in the same direction (as illustrated in 
figure 3) the uvea became divided for a considerable distance into a markedly 
injected inner layer and a relatively very mildly injected outer layer. The dark 
areas at the bottom of the picture are parts of the inner layer of the uvea. 


Fig. 8.—Sclera of a bulldog with an exceptionally small number of chromato- 
phores in the cavernous sclera. The very dark veins are parts of the circle of 
Hovius. Note that these are not in distinct focus except where some branches 
pass to the innermost portions of the sclera and anastomose with the cavernous 
veins, which are in better focus than anything else in the picture. Some of the 
cavernous veins were either destroyed or mutilated in an effort to remove all the 
chromatophores by microdissection. The periscleral plexus was dissected away in 
order to obtain a clear picture of the incompletely injected cavernous plexus. 

India ink was injected in a rhythmic manner into the anterior chamber of 
the enucleated eye while the specimen was very fresh. The ink passed first into the 
anterior portion of the cavernous plexus and then into the midscleral plexus (the 
circle of Hovius), and then some of the ink flowed from the circle of Hovius into 
some posteriorly situated portions of the cavernous plexus. Such an injection 
can often be obtained by altering the injection pressure in a rhythmic manner, as 
was done in this case. If the injection pressure is maintained at a constant level, 
the vitreous compresses the posterior portion of the cavernous plexus and occludes 
the veins all the time instead of only part of the time as when the injection 


pressure is rhythmically increased and diminished. 


Fig. 9.—Section from the eye of a bulldog with only a small number of 
chromatophores in the cavernous portion of the sclera. The portion of the photo- 
micrograph to the right of the vertical ink line shows a mild but otherwise a 
perfect injection of the cavernous plexus. To the left of the vertical line the 
injection was not as complete, and the injected vessels were intensified by stippling 
with pen and ink. A sharp razor was used to separate the cavernous plexus from 
the midscleral plexus. Almost all the chromatophores were eliminated by micro- 
dissection. The exceptionally dark areas in the extreme upper part of the picture 
are points at which the ink entered the cavernous plexus from the drainage angle. 
The more posteriorly situated black spots and abrupt endings of veins are the 
cut ends of anastomoses which associated the cavernous plexus with the mid- 
scleral plexus on the one side and with the uveal veins on the other. 

Two hypodermic syringes with large needles were used in making the injec- 
tion. One of these syringes contained india ink. The needle of this syringe was 
inserted through the cornea into the anterior chamber. The needle of the other 
syringe was inserted through the sclera, choroid, retina and hyaloid membrane 
into the vitreous chamber. This syringe contained some water. The plungers of 
the syringes were pushed and pulled alternately at the rate of about thirty times 
per minute for a total time of about ten minutes. The injection pressure was 
rarely great enough to cause a smoky appearance of the cornea. The uveal 
veins became injected, and ink was observed free in the periuveal space. The 
periscleral and midscleral plexuses became well injected. A small amount of 
dilute ink escaped through the walls of the cavernous veins and into the soft 
perivenous tissue at numerous points. 
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Fig. 10.—Section from the eye of a human fetus of about 4 months. First 
india ink and then vermilion cinnabar (in water) were injected into an umbilical 
artery while the specimen was very fresh. The injection pressure of the cinnabar 
was altered in a rhythmic manner for about ten minutes of every hour for 
eight hours. About forty minutes of each hour were allowed for some of the 
injected water to escape from the vessels. The eye was enucleated and cleared, 
and then the inner layer of the uvea was removed. The mounted portion was 
then photographed by using the Eastman 1R infra-red plate with, first, reflected 
light and, second, transmitted light. The vessels (arteries) with the cinnabar 
in their lumens accordingly appear white or gray, while the ink-filled vessels 
(the veins, capillaries and some of the smallest arteries) appear black. 


Fig. 11—The same specimen as shown in figure 10. The technic was the 
same, except that the periscleral plexus and the greater part of the midscleral 
plexus were eliminated by microdissection in order to show the cavernous plexus 
and some of the arteries clearly. Note the arterial ramus, which originates from 
an anterior ciliary artery and passes into the trabecular tissue of the drainage 
angle, where it gives off two branches. These branches have thick walls, but 
their lumens are too small to conduct the particles of the cinnabar. These 
branches are accordingly filled with ink and are black in the picture. One of 
the branches is entirely intra-ocular because it is in the drainage angle. The 
other branch turns back into the cavernous portion of the sclera posterior 
to the drainage angle. Some parts of the cavernous plexus were inadvertently 
dissected away, in the lower left portion of the specimen, in an effort to show 
unmistakably the origin of the small white artery. Note that the veins of the 
cavernous plexus are relatively simple vessels at this stage of development. 


Fig. 12—This is a portion of the eye not shown in either of the preceding 
figures. The technic is the same as for the specimen shown in figure 11, except 
that a greater magnification was used and the picture was obtained by using trans- 
mitted light only. Note the small arteries accompanying the dilated veins in and 
near the drainage angle. The greater number of the very mildly injected veins 
lie in the trabecular tissue of the drainage angle. Some of the capillaries in the 
angle are so greatly distended that they cannot be distinguished from some of the 
veins. The arterioles accordingly appear to communicate directly with veins at 
some points. All the arteries and all the veins and capillaries (except some 
vestigial stumps of venae vestigia oculi) were destined to vanish if life had 
continued. 

Fig. 13—Section from the eye of a wallaroo kangaroo. The injection of 
fluid was made into the peripheral stump of a common carotid artery imme- 
diately after the animal died and was decapitated. The cut ends of vessels 
in the neck were clamped with hemostats. The injection pressure was altered 
in a rhythmic manner for several minutes. 

Fig. 14—This is the same specimen as shown in figure 13, except that the 
periscleral plexus was removed for a sufficient distance to show the cavernous 
plexus clearly. The veins of this plexus are associated everywhere with arteries. 
Some of the plexus lies in the dense trabecular tissue of the drainage angle, 
and the rest of it lies in the soft scleral tissue in the vicinity of this angle. Some 
slender veins and arteries pass through the sclera to join the periscleral plexus 
at various points between the limbus and the equator of the eye. There are 
also some small arteries and veins which pass into the base of the iris and also 
into the uvea at various other points posterior to the drainage angle. 
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Fig. 15.—Section from the eye of a human fetus of about 4% months. The 
method of injection was the same as that used for the specimen shown in figure 
10, except that no cinnabar was injected and the time required for the injection 
was shorter. India ink only was injected in a rhythmic manner into an umbilical 
artery for many minutes. Fortunately, the injection was discontinued before any 
of the distended veins or capillaries in the drainage angle ruptured. In the upper 
part of the picture the iris and a triangular portion of the pupillary membrane 
can be seen. The ciliary processes and a considerable portion of the inner layer 
of the uvea were eliminated by microdissection to expose some of the arteries, 
veins and capillaries in the trabecular tissue of the drainage angle, as shown in 
figure 16. Elsewhere the entire inner layer of the uvea was removed by the 
method shown in figure 3. While tension was created on the iris the trabeculae 
in the angle were cut individually and in small groups immediately at the base 
of the iris. The periscleral plexus was dissected away at all points at which it 
would have interfered with obtaining a clear picture of the vessels in and very 
near the drainage angle. 


Fig. 16.—Photomicrograph of a section taken through a part of the inner 
layer of the uvea (the base of the iris) of the specimen shown in figure 15. The 
distended vein and the slender artery accompanying it are in the drainage angle. 
Some of the branches of this vein are connected with veins in the inner and the 
outer layer of the uvea, and other branches of this vein pass through the outer 
layer of the uvea and are connécted with veins in the soft sclera lateral 
to the drainage angle. The artery and the vein were destined to vanish, if the 
fetus had lived, and the branches of the vein which pass to other veins in the 
sclera were destined to become venae vestigia oculi with open mouths, or foramina 
yvenarum minimarum, at and near the inner surface of the outer layer of the uvea. 


Fig. 17—Photomicrograph of a part of the specimen shown in figure 15. The 
specimen shown here was secured from a region at which the inner layer of the 
uvea was painstakingly removed without destroying the vessels in the drainage 
angle. Some of the very mildly injected veins and the accompanying arteries are 
in the drainage angle. The other vessels are in the soft part of the sclera in 
the vicinity of this angle. It is impossible to distinguish between the dilated veins 
and capillaries in and very near the drainage angle of this specimen. The heavy, 
almost horizontal black line was made (with pen and ink) at the extreme pos- 
terior portion of the drainage angle. It is at the position of the scleral spur, if 
such a spur had been permitted to develop. 


Fig. 18.—Photomicrograph of a section from a part of the eye not shown in 
figure 15. Note the ampulliform dilatation of the artery somewhat to the right of 
the center of the picture. All the parts of this artery that can be seen are in the 
drainage angle, and almost all the mildly injected veins and capillaries are situated 
in this angle. 


Fig. 19.—Section from the eye of a sasin antelope, prepared two days after 
birth. India ink was injected into the entire animal in a rhythmic manner from the 
peripheral stump of a common carotid artery. All! the greatly inflated vessels are 
located in the drainage angle. It was necessary to cut some anastomoses to veins 
in the base of the iris while the inner layer of the uvea was being removed. The 
cut end of one of these anastomoses is shown clearly at the center of the 
picture. The arteries in the angle are very slender and are hidden by the dilated 
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vessels at so many points that it is difficult to identify these slender vessels in 
the photomicrograph. 


Fig. 20.—Section from the eye of a fetal llama, probably between the sixth 
and the seventh month. Injection was made into an umbilical artery. Otherwise 
the technic was the same as that described in the legend for figure 19. I am unable 
to say how long the vessels in the drainage angle persist in this animal, because 
I have not had an opportunity to examine either another fetal llama or a newly 
born llama. These vessels are not present, however, in the adult animal. The 
vessels in the drainage angle of the fetus look as though they were on the verge 
of breaking down. 


The vestiges of the vessels which balloon up and vanish are similar 
to the thebesian tubes or venae cordis minimae of the right side of the 
heart, and the vestiges in the eye might be appropriately called venae 
vestigia oculi. Their open mouths are comparable to the open mouths 
of the thebesian tubes, and they might be appropriately called foramina 
venarum minimarum. They might also be called spaces of Fontana. 
Many of the spaces of Fontana in the adult eye were originally intra- 
vascular spaces. Except for some venae vestigia oculi (as indicated in 
figure 22 by an arrow), all the vessels in the drainage angle had vanished 
in the adult human eye shown in figures 21, 22, 23 and 24. No part 
of the cavernous plexus became injected in this eye. 


The venae vestigia oculi in the drainage angle are evidently the “inner 
canals” of Sondermann.? However, Sondermann’s explanation of their 
origin differs in some important respects from the one herein offered ; he 
looks on them as being open-mouthed branches of some latitudinal and 
relatively latitudinal veins which he spoke of collectively as the canal 
of Schlemm. His conception of the canal of Schlemm is the usual one 
except for the inner canals which conduct aqueous humor from the 
spaces of Fontana to this canal. The usual conception of the canal of 
Schlemm is a network of latitudinal and relatively latitudinal veins which 
is bordered outwardly and posteriorly by the sclera and inwardly by 
the scleral spur and the trabecular tissue of the drainage angle and which 
is associated with various scleral veins by means of some venous 
anastomoses. Maggiore® called these anastomoses collector veins; 
Sondermann ® called them outer canals, and Dvorak-Theobald? called 
them collector channels. It is obvious that at least some of these 
channels are the venous anastomoses which connect the anterior portions 
of the cavernous and midscleral plexuses with one another. These and 
also some others which connect various parts of the cavernous plexus 
with the midscleral plexus are shown schematically in figure 1. Some 
near the equator of the eye are shown in figure 8. 


9. Sondermann, R.: Ueber Entstehung, Morphologie und Funktion des 
Schlemmschen Kanals, Acta ophth. 11:280, 1933. 
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Fig. 21—Section from the eye of an adult human being. The body was one 
brought to the department of anatomy of the Marquette University School of 
Medicine. The eye was accordingly not fresh. Otherwise it seemed to be normal 
in every respect. It was enucleated and injected from the anterior chamber with 
india ink which was diluted only by the aqueous humor. The periscleral veins 
became very poorly injected at first, but they became gradually darker as the 
injection pressure was altered in a rhythmic manner. The time of the injection 
was about twenty minutes. During the first four or five minutes the pressure 
was held at 25 mm. of mercury. Later the pressure was changed rhythmically 
from about 20 to about 30 mm. of mercury. The ink escaped through some of 
the venae vestigia oculi into the midscleral and periscleral plexuses. No ink 
entered any part of the cavernous plexus. After the eye was placed for a few 
seconds in concentrated hydrochloric acid and then washed for about two minutes 
in water, a sharp razor was used to make an opening in the sclera, choroid, retina 
and hyaloid membrane somewhat posterior to the equator of the globe. The 
hypodermic needle was then withdrawn from the anterior chamber, and the eve 
was washed in water for about three minutes. The acid diminished the elasticity 
of the scleral tissue sufficiently so that the vessels in it remained plump. Ink 
was not squeezed out of any of these vessels by a contracting sclera. 

After the anterior portion of the eye was dehydrated and cleared, the vitreous 
and lens were removed; the specimen was cut incompletely into quadrants; pieces 
were taken for meridional sections, and the iris of each quadrant was pulled inward 
and posteriorly with a tissue forceps, while the trabeculae of the drainage angle 
were carefully separated from the base of the iris by the use of a sharpened 
needle. The entire inner layer of the uvea was then removed; excess ink was 


painstakingly eliminated from some parts of the cornea and drainage angle, and 
the specimen was flattened and mounted in dammar. Four years later the specimen 
was demounted, and the greater number of the superficial vessels (especially 
the marginal vessels of the cornea) were dissected away from the upper portion 
of the quadrant to the right and from all the lower quadrant so that the mid- 
scleral vessels in these regions could be photographed with greater clearness after 
the specimen was remounted. 


Fig. 22.—Section from a portion of the upper quadrant of the specimen shown 
in figure 21. At the right end of the picture the ink was carefully removed from 
the continuation of Descemet’s membrane (the outer layer of the uvea) to show 
one of the venae vestigia oculi. This vestigial stump is an exceptionally large one. 
It forms an open connection between the drainage angle and one of the anterior 
ciliary veins. Some branches of it also communicate with some midscleral veins. 
The specimen serves to emphasize the important point that some of the venae 
vestigia oculi (inner canals of Sondermann) are connected directly with the mid- 
scleral plexus instead of the cavernous plexus. 


Fig. 23.—This section is from the upper portion of the right quadrant of the 
specimen shown in figure 21. When the continuation of Descemet’s membrane 
(the outer uveal layer) was lifted away from the sclera no free ink was observed 
between this membrane and the sclera. At certain points, however, the outer 
layer of the uvea was held down so firmly by venae vestigia oculi that parts of 
it remained applied to the sclera. Two ‘such dark areas are evident in this 
figure. The ink flowed through the venae vestigia oculi and into the midscleral 
veins at these regions. All the veins seen in this figure are parts of the mid- 
scleral plexus. 

Fig. 24.—This section is from the lower quadrant of the specimen shown in 
figure 21. The latitudinal and some of the relatively latitudinal veins are 
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‘anastomoses of the midscleral plexus. Some of these are situated posteriorly to 
the drainage angle, but some of them were exposed by pulling the ink-blackened 
outer layer of the uvea away from the corneosclera. The anterior portion of the 
longitudinal vein to the right in the picture is so deeply embedded in the sclera 
that it, like its principal branches, should be looked on as being a part of the mid- 
scleral plexus. The longitudinal vein at the middle of the figure is a part of the 
episcleral portion of the periscleral plexus. Ink probably entered the midscleral 
plexus from the anterior chamber at only two points. Both these points of 
entrance are especially dark. In the dark area to the right some small openings 
can be seen in the vein. These openings were evidently created when the con- 
tinuation of the outer layer of the uvea was lifted away from the corneosclera. 
The venae vestigia oculi probably became separated from the vein and remained 
attached to the outer layer of the uvea. A small hole was accordingly left in the 
wall of the vein at each point at which a vestigial venous stump was pulled away. 


My courage fails me whenever I attempt to speak in the usual way of 
a canal of Schlemm in the eye of either a fetal or an adult mammal. 
In the fetal eye either large and small scleral veins meander into and 
out of the alleged position of the canal of Schlemm, or large and small 
veins of the canal of Schlemm meander into and out of the soft scleral 
tissue. I have also been unable to learn from my specimens what the 
scleral limits of a canal of Schlemm might be said to be in the adult 
eye. Inspection of published drawings and photomicrographs of 
meridional sections reveals that others have evidently encountered this 
same difficulty but did not betray it except by the labeling of the figures. 
Where is the canal of Schlemm in figures 6, 7, 9, 12, 17, 18, 22, 23 
and 24? The canal of Schlemm has been defined in such an abstract 
manner that photomicrographs of only some of the meridional sections 
of the eyes of only some mammals show the canal which conforms to 
the definition. 

Those who believe that the canal must be present in every meridional 
or flat preparation are likely to label or speak of almost any latitudinal 
or relatively latitudinal vein or group of veins of the anterior portion 
of either the cavernous plexus or the midscleral plexus as the canal of 
Schlemm. For instance, Dvorak-Theobald * discussed one of my speci- 
mens as follows: 


Dr. Swindle injected diluted India ink into the anterior chamber of an 
enucleated human eye, and succeeded in having it reach the anterior ciliary veins 
through what he termed “open mouths.” On examination of the cleared specimen 
with a binocular microscope the ink could be traced through the trabeculae, into 
the canal of Schlemm, through the collector channels, and into the anterior ciliary 
veins, which gathered into nine large veins leading to the recti muscles; three to 
the external rectus and two to each of the other recti muscles. No lacerations 
were visible between the trabeculae and the canal. The investigations of Sonder- 


mann and of Swindle point conclusively to open connections between the trabeculae 
and Schlemm’s canal. 
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This specimen is undoubtedly the one shown in figures 21, 22, 23 
and 24. The fact is that if there is a canal of Schlemm in this eye it 
did not become injected. 

My courage also fails me whenever I try to think of the scleral spur 
and the scleral fissure as being permanent morphologic features of the 
normal eye of a living bird or mammal. After death the greater part 
of the liquid escapes from the scleral veins and permits the soft inner 
part of the sclera to shrink. The tissue in the vicinity of the drainage 
angle shrinks more than any other part of the soft sclera and forms the 
scleral fissure, which is relatively very shallow and broad in some eyes 
(as in the dog and the deer) and relatively deep and narrow in some 
other eyes (as in man and the monkey). The portion of the soft sclera 
which is firmly attached to the uvea (at the anterior region of the ciliary 
body) does not shrink very much unless the tension on it is eliminated 
by separating the inner layer of the uvea from the outer layer (as 
illustrated in figure 3) while the eye is fresh. One result of mutilating 
an eye in this manner is that the anterior portion of the inner layer of 
the uvea cannot maintain a pull on a part of the inner portion of the 
sclera while the soft scleral tissue posterior and anterior to it shrinks. 
The unshrunken portion of the soft sclera of the dead eye has been 
called the scleral spur, and a scleral fissure exists only when there is 
a scleral spur. 

The scleral spur can be eliminated in the dead eye by eliminating the 
scleral fissure. This can be accomplished by moderately distending the 
cavernous and midscleral veins with an injection fluid (as illustrated in 
figure 1) while the eye is fresh. It is possible by injecting these vessels 
to convert a scleral fissure into a scleral ridge. The ridge persists after 
dehydration of the specimen if the elasticity of the sclera and blood 
vessels is destroyed while the cavernous and midscleral vessels are still 
inflated. This can be accomplished by immersing the eye in concen- 
trated hydrochloric acid for several seconds, washing vigorously for 
several seconds in water and then placing the specimen in absolute 
alcohol. Neither the spur nor the fissure is present in any of the 
specimens from which figures 4 to 24 inclusive were secured. 

The cavernous vessels and the soft scleral tissue about them con- 
stitute an erectile body which might be called the corpus cavernosum 
of the sclera because of the resemblance of some of the veins to the 
greatly distorted veins in the corpus cavernosum of the penis. This 
erectile body of the sclera is a latitudinal band which varies considerably 
in breadth in the eyes of the various mammals and birds. In some eyes 
the band extends meridionally from the limbus to or even slightly beyond 
the equator of the globe. In the eyes of some birds all this body except 
its extreme anterior portion becomes a ring of bone early in life. This 





SWINDLE—DRAINAGE CHANNELS OF EYE 437 


bone is similar in structure and origin to the os penis found in a con- 
siderable number of mammals. 

Maggiore © stated that the hoofed animals and some other mammals 
“have the canal of Fontana without the differentiated canal of Schlemm 
or that the canal of Schlemm, in these animals, has the appearance of 
a simple venous plexus.” Maggiore’s canal of Schlemm seems in some 
instances to be a part of the anterior portion of the venous network 
herein called the cavernous plexus, and in other instances it seems to 
be some anterior portions of the midscleral plexus. I have been unable 
to find a fundamental difference between the cavernous plexus in man, 
on the one hand, and that of the equidae, suidae, bovidae and cervidae, 
on the other. 

The cavernous plexus is fundamentally the same in all the placentalia, 
although it does not extend as far toward the equator in some eyes as 
it does in others and although the anterior portion of it in some dead 
eyes seems to differ morphologically from the corresponding portion in 
other eyes in which the postmortem scleral spur is less conspicuous. As 
this spur develops, many of the veins which pass inwardly to it and 
through it become occluded, so that the anterior portion of the cavernous 
plexus seems to be sharply separated from the posterior part of the 
plexus. Frequently the anterior portion of the cavernous plexus is 
the only part of this network which becomes injected when the injection 
fluid is placed under pressure in the anterior chamber. If an eye is 
injected from the anterior chamber before the scleral spur develops, 
the injection fluid enters first the anterior portion of the cavernous 
plexus and continues to flow through the anastomoses of this plexus 
(if an appropriate method of injection is used) until a part or all of 
the network is injected (fig. 9). Whenever this is the case, in the eye 
of man or of any other mammal, it becomes difficult to speak of a 
differentiated canal of Schlemm for one who wishes to speak of a 
canal of Schlemm instead of the anterior portion of the cavernous 
plexus. 

Maggiore © also stated that the canal of Schlemm is annexed to a 
vascular plexus situated mainly in the vicinity of the limbus and that 
this plexus is constantly associated with delicate arterial rami and 
capillary loops. The arterial rami and capillary loops are shown in the 
drawings presented as figures 9 and 10 in his paper. In one case of 
syphilitic granuloma of the ciliary body Maggiore observed an artery 
in the lumen of a vein which he considered as being a part of the canal 
of Schlemm. Dvorak-Theobald’ reported an artery in intimate rela- 
tionship with the canal of Schlemm for a distance of more than 8 mm. 
Dvorak-Theobald’s canal of Schlemm is probably the anterior portion 
of the venous network herein referred to as the cavernous plexus. At 
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least, she stated that the canal is connected with the deep scleral plexus 
by means of collector channels. 

With the exception of the artery in the lumen of a vein, I have been 
able to verify the existence of the arteries reported by Maggiore and 
Dvorak-Theobald, but these are only a few of the many arteries which 
are present within, and in the immediate vicinity of, the drainage angle 
during embryonic and early fetal life. Ordinarily the greater number 
of these arteries become obliterated as far as some principal trunks in 
the relatively solid tissue of the sclera, ciliary body and iris. 

Leber * maintained that very fresh eyes do not become as well 
injected from the anterior chamber as they do several hours after death. 
He believed that the extremely delicate walls of the veins at the drainage 
angle break down sufficiently in the course of a few hours that holes 
can be easily created in them and that the injection fluid escapes through 
these holes more readily than through the continuous nondisintegrated 
walls of the same veins in the very fresh eye. Leber also maintained 
that the walls of these veins in even a very fresh eye may be ruptured 
by injecting a fluid under considerable pressure into the anterior cham- 
ber, but, as Gutmann * pointed out, Leber did not offer direct evidence 
that such artefacts can be created. According to my own observations 
on several hundred injected and cleared eyes, the injection fluid almost 
always escapes from the anterior chamber of the very fresh eye of a 
mammal more rapidly than from the other eye of the same animal 
several hours after death. This is true when the animals die without 
losing blood, when they die because of the loss of blood and when a 
noncoagulant is injected into the blood stream either shortly before or 
shortly after death. Even eyes which have been preserved in alcohol for 
a year or more do not become injected as well as very fresh eyes. 

Leber’s notion that fresh eyes become injected better than older 
ones is evidently the result of an illusion which may be made clear by 
referring to figures 4 and 5. Figure 4 shows a section from the eye of 
a red fox. The blood was washed out of the vessels of the entire 
animal by injecting a 4 per cent solution of sodium citrate into a common 
carotid artery while an external jugular vein was open. About eighteen 
hours after the death of the animal the eye was enucleated, and injected 
from the anterior chamber with india ink. The pressure of the ink was 
35 mm. of mercury. While the injection was still in progress the eye 
was immersed for several seconds in concentrated hydrochloric acid 
to seal the ends of the cut vessels and to diminish the elasticity of the 
scleral tissue sufficiently so that it would not strongly compress any 
of the vessels and force ink out of them as soon as the injection pressure 
was diminished. After the eye was washed for about one minute in 
water the injection pressure in the anterior chamber was destroyed (by 
withdrawing the needle of the hypodermic syringe used in making the 
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injection), almost all the posterior half of the eve was cut away, the 
vitreous and lens were removed, and the anterior hull of the globe was 
placed in absolute alcohol to be dehydrated preparatory to clearing it 
by the Spalteholz method. The specimen was then cut into quadrants, 
and both uveal layers were removed from each quadrant. One of the 
quadrants was mounted in dammar, and the exterior surface was photo- 
graphed. 

The ink escaped from the drainage angle by flowing through the 
anterior portions of the cavernous and midscleral plexuses and then 
into the periscleral plexus. No ink could enter the cavernous plexus 
posterior to the drainage angle because this portion of the plexus was 
compressed by the vitreous. The injection pressure in the anterior and 
the posterior chamber was transmitted to the vitreous and then to the 
soft sclera posterior to the angle. This pressure was sufficient to 
flatten and accordingly obliterate the lumens of the cavernous veins and 
also some of the midscleral veins laterally to the vitreous. No ink 
flowed through many of the posteriorly situated veins of the midscleral 
plexus. The greater part of the ink accordingly flowed first somewhat 
posteriorly to reach the anterior portion of the midscleral plexus (the 
circle of Hovius) and then anteriorly to reach the conjunctival and 
episcleral portions of the periscleral plexus. The quadrant which was 
photographed shows some especially long venous loops connecting the 
anterior veins of the circle of Hovius with parts of the periscleral 
plexus. Before the eye was cleared it seemed to be injected exception- 
ally well, because many visible vessels at and near the limbus were filled 
with ink, but examination of the cleared specimen reveals that the 
injection was a poor one, because the posterior portions of the mid- 
scleral and cavernous plexuses contain either little or no ink. 

Figure 5 also shows a section from the eye of a red fox. The eye 
was injected and was otherwise prepared in the same way as in the 
case of the eye in figure 4, except that injection was made only a few 
minutes after the death of the animal. In this instance the ink escaped 
relatively rapidly from the anterior chamber. The fluid passed through 
the venae vestigia oculi into the anterior portion of the cavernous plexus 
and then into all the principal veins of the midscleral plexus. Until 
the eye was immersed in acid, ink escaped freely from the cut ends of 
veins posteriorly to the equator of the eye. The rate of escape of the 
ink from the syringe was approximately ten.times greater than for 
the eye in figure 4. Before the eye in figure 5 was cleared it seemed 
to be very poorly injected, because only a small amount of the ink 
entered the distinctly visible veins of the periscleral plexus. This, | 
believe, is the illusion which Leber believed to be an important crucial 
observation supporting his notion that the “circulus venosus Schlemmii 
does not stand in direct communication with the anterior chamber.” 
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Another observation which Leber? called a crucial one was not an 
illusion. He mixed carmine and berlin blue and injected the mixture 
into the anterior chamber.. The more diffusible substance (the carmine) 
of the mixture appeared first in the periscleral veins. He assumed that 
the carmine diffused through the continuous walls of the “circulus 
venosus Schlemmii’” and that the less diffusible berlin blue could not 
pass so readily through the walls of these veins. Leber expressed the 
opinion that if the walls of these veins contained small openings, as was 
contended by Schwalbe,’ the berlin blue should move as rapidly as the 
carmine into the periscleral veins in spite of the fact that the berlin blue 
undergoes a certain amount of flocculation in the aqueous humor. The 
importance of Leber’s observation and his opinion of its significance 
can be enormously minimized by injecting such a mixture of carmine 
and berlin blue into a network of lymph capillaries and then examining 
the capillaries at the margins of the injected area. The carmine runs 
ahead of the berlin blue in these vessels where there is no question of 
diffusion through a membrane. In the lumens of the lymph vessels and 
likewise in the anterior chamber of the eye the berlin blue flocculates 
sufficiently that its motion is checked more than is that of the carmine. 

Figure 5 illustrates the principal drainage channels of the anterior 
chamber of a dead but otherwise normal eye with a well developed 
midscleral plexus when the intra-ocular tension is 35 mm. of mercury. 
In eyes which are not so fresh but which are otherwise normal (figure 
4) and in various diseased eyes the ink escapes principally through the 
periscleral veins instead of through the midscleral plexus. Also, if the 
intra-ocular tension in a normal eye is made very high by artificial 
means, some of the midscleral veins, like many of the cavernous veins, 
become so severely crushed by the vitreous that if any fluid escapes 
from the anterior chamber it must flow through only the anterior por- 
tions of the cavernous and midscleral plexuses and then principally into 
the conjunctival portion of the periscleral plexus. The narrow black 
streaks in otherwise gray veins of the midscleral plexus, in both figures 
4 and 5, mean that an intra-ocular tension of only 35 mm. of mercury 
was sufficient to flatten severely some of the large veins of the circle 
of Hovius without completely occluding them. 

Very fresh eyes also become injected better than older eyes when 
the injection is. made into an umbilical artery, into a common carotid 
artery or into a vorticose vein. The injection of fresh eyes from such 
vessels can be slightly enhanced by withdrawing sufficient amounts of 
the vitreous and aqueous humors (before the injection is made) so that 
the intra-ocular tension is low, as it usually is in eyes several hours after 
death. 

I have never successfully injected a normal eye of the wallaroo kan- 
garoo from the anterior chamber by using a constant pressure of ink. 
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The probable reason for this is that the venae vestigia oculi are absent 
in the eye of this animal. On altering the injection pressure in a 
rhythmic manner for a considerable time, however, I have succeeded in 
introducing a sufficient amount of ink into the scleral and periscleral 
vessels so that these vessels had a perceptibly grayish appearance, but 
this could be accomplished only when the eyes were very fresh. When 
the injection pressure is constant the particles of ink probably drift 
against the permeable walls of the intra-ocular vessels and form a one 
way drift valve *° which hinders the inseep of even the smallest particles 
of ink. By alternately pushing and pulling the plunger of the syringe, 
however, the lodged particles of ink are rhythmically dislodged, so that 
some ink seeps through the permeable Walls during a part of each cycle 
of the injection. 

It is not my contention that the results reported in this paper give 
an accurate notion of the traffic of fluid in the principal drainage chan- 
nels of the normal, living eye. The chief difference between the living 
sclera and the dead one is that the corpus cavernosum is a living 
erectile mass in the former and an inactive condensed mass in the 
latter. Owing to the fact that the greater number of the arteries to this 
cavernous sclera vanish during fetal life, this tissue is essentially a 
reservoir for aqueous humor in later life. It also contains some blood, 
which is greatly diluted, however, by the humor. It is conceivable that 
the erectile body of the sclera becomes appropriately flaccid and turgid 
in the living eye to cushion the liquid contents of the globe to maintain 
a fairly constant intra-ocular tension. All that is necessary for a 
perfect cushioning effect to occur is that the few remaining arteries to 
the cavernous tissue constrict reflexly when the intra-ocular tension 
increases. This implies that the arteries dilate when the intra-ocular 
tension is low and that the increased inflow of blood causes distention 
of the cavernous vessels. 


SUMMARY AND CONCLUSIONS 


For convenience in discussing the drainage of liquid from the 
anterior chamber of the mammalian eye the great network of drainage 
channels was somewhat abstractly divided into the periscleral, midscleral 
and cavernous plexuses. In accordance with this classification the peri- 
scleral network consists of the venous anastomoses of the conjunctiva, 
Tenon’s capsule and the episclera. The midscleral and periscleral 
plexuses are associated with one another at many points between the 
limbus and the equator of the globe by means of venous anastomoses. 
In the greater number of mammalian eyes these anastomoses are most 


10. Swindle, P. F.: Perivascular Seep Valves in the Exchange of Body Fluids, 
Am. J. Physiol. 114:491, 1936. 
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numerous, per unit of area, in the vicinity of the limbus. The mid- 
scleral plexus is also associated with the cavernous plexus at many points 
between the limbus and the equator, and these anastomoses are likewise 
usually most numerous, per unit of area, in the vicinity of the limbus. 
At many points the cavernous plexus is associated with veins in the iris 
and the ciliary body. In some eyes the cavernous plexus is also asso- 
ciated, by means of a small number of anastomoses, with the uveal veins 
posterior to the ciliary body. 

For the sake of convenience in discussing the cavernous plexus the 
uvea was divided into two layers. The anterior portions of these become 
spontaneously separated to form the anterior chamber of the eye. The 
anterior portion of the outer layer of the uvea is Descemet’s membrane. 
At the drainage angle the spontaneous separation of the two uveal layers 
is incomplete. The trabeculae and some spaces of Fontana are formed 
as this tissue becomes rarefied. The blood vessels, especially the capil- 
laries and veins, in this rarefied tissue (the ligamentum pectinatum) 
become dilated and form the uveal portion of the cavernous plexus. 
The uveal portion of this plexus persists in the eye of the wallaroo 
kangaroo, and it sometimes persists for two or three days after birth 
in the eye of the sasin antelope. In all the other mammals examined 
the distorted veins and capillaries of the uveal portion of the cavernous 
plexus (and also the accompanying arteries) break down before birth 
and form some spaces of Fontana. The venous and capillary anasto- 
moses which originally connected the uveal and scleral portions of the 
cavernous plexus with one another vanish only is far as the relatively 
dense tissue of the outer layer of the uvea. These vestiges were called 
venae vestigia oculi. . They continue to have open mouths, which were 
called foramina venarum minimarum. 

After the injection of india ink into the anterior chamber of an 
eye several hours after the death of the animal, the fluid escapes prin- 
cipally through the foramina venarum minimarum, the venae vestigia 
oculi, the anterior portion of the cavernous plexus of the inner sclera, 
the anterior portion of the midscleral plexus and then through many 
anastomoses near the limbus into the periscleral plexus. 

After the injection of the ink into the anterior chamber of a very 
fresh eye, some of the fluid escapes as described in the preceding para- 
graph, but the greater part of it escapes into and through the midscleral 
plexus unless the injection pressure is great enough to compress and 
occlude the posteriorly situated veins of this plexus as the pressure is 
transmitted to them through the vitreous, the retina, the posterior uveal 
layers and the cavernous sclera. 

The anterior portion of the cavernous plexus ordinarily becomes 
well injected, because the venae vestigia oculi lead directly to this portion 
and because the veins of this portion (unlike the veins of the posterior 
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portion of this plexus) are not severely compressed by the injection 
pressure transmitted to them via the vitreous. In some instances, how- 
ever, the anterior portion of the cavernous plexus does not become 
injected. In some of these instances the ink enters the midscleral plexus 
via some venae vestigia oculi which pass directly from the drainage angle 
to veins of the anterior portion of the midscleral plexus instead of to 
veins of the cavernous plexus. 

By altering the injection pressure in a rhythmic manner, ink can be 
urged through the walls of the uveal portion of the cavernous plexus, as 
in the wallaroo kangaroo. Also, by altering the pressure rhythmically, 
ink can be urged into the posterior region of the cavernous plexus (as 
in the dog), but the ink which passes into this part of the plexus enters 
it via some posteriorly situated anastomoses which connect the mid- 
scleral and cavernous plexuses with one another. All parts of the 
cavernous plexus can be injected from either an artery (such as a 
common carotid artery) or a vein (such as a vorticose vein) if the 
injection pressure is altered in a rhythmic manner and especially if the 
intra-ocular tension is maintained at a low level by artificial means. 


Mr. L. C. Massopust, of the Department of Art and Photography of Mar- 
quette University, photographed the specimens. 





CHOROIDEREMIA 
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Unusual conditions, strange anomalies and manifestations of obscure 
disease have always interested the student of medicine. Improved 
ways of registering physical signs, especially photographs, have been 
for many years gradually assuming an important role in the permanent 
record of changes in the human body. 

The background of the eye is the stage on which many of the trage- 
dies of life are revealed to those competent to recognize the innumerable 
differences in color, light, shadow and contour. When fundus photogra- 
phy was introduced clinical research was given an impetus which has 
been steadily gaining. Much has been written, many photographs have 
been published, innumerable deductions have been drawn and important 
contributions have been made in regard to the study of constitutional, 
focal and local diseases of the eye. Much remains to be discovered and 
analyzed. 

The subject of this essay is a peculiar condition characterized by 
night blindness, sometimes evident in early life but often not conspicu- 
ous until the third or fourth decade. It seems to be familial and because 
of this hereditary predisposition offers a challenge to the inquiring 
ophthalmologist. It has been my privilege to see several patients suffer- 
ing from choroideremia. There are only a few notations on this condi- 
tion in the literature. These reports are recorded in chronological order 
in this paper. New cases are presented, and some conclusions are drawn. 
The maladies which may be confused with choroideremia, the symptom 
complexes which resemble it, and some alterations in the fundus other 
than those which have been described receive consideration. The differ- 
entiations between choroideremia and retinitis pigmentosa, retinitis 
albescens, night blindness in association with high myopia and absorp- 
tion of the choroid in syphilis are discussed. 

There has been a great advance in the methods employed in clinical 
ophthalmology. Some cases of obscure borderline conditions would, 
I am convinced, be described differently if the patient could be reexam- 
ined with the modern instruments. Unfortunately, no patient with 


This essay was anonymously presented in competition for the Lucien Howe 
Prize for Ophthalmoscopic Research given by the Medical Society of the State of 
New York. It was awarded the prize. In the original essay there were fifty-seven 
black and white photographs and eight direct color reproductions. 
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choroideremia has been submitted to pathologic examination, and for 
that reason this exposition is of great interest, especially as regards 
the character and distribution of the areas of pigment, the vascular 
supply to. the macular region and the associated night blindness. The 
cases are too few to warrant dogmatic statements. 


REVIEW OF THE LITERATURE 


As far as I can determine, Mauthner, in 1871, was the first to 
describe this condition. The patient was a 32 year old German man, 
who as long as he could remember had had poor vision, which was 
much worse in the dark. He was one of a family of nine children. 
His seven sisters were well, but a brother 26 years old had the same 
visual defect. There were no recorded changes in the vision of the 


Fig. 1—Photograph of the fundus of the right eye of a 14 year old girl, 
showing normal choroidal circulation. Vision was 8/200; with correction with 
a — 9.00 diopter sphere — — 1.00 diopter cylinder, axis 15 it was 20/20. 


parents, but the father’s brother, whose age was not cited, had poor 
sight, and the paternal grandmother was blind from an unknown cause 
when 70 years old. Vision of, the right eye with correction for myopia 
of 3 diopters was 5/200. The fundus was whitish green; the disk was 
of normal color, with normal distribution of slightly narrow retinal 
vessels. No choroidal vessels were visible except in the macular region, 
where there was an irregular network of the small ones. Small masses 
of pigment were scattered about the fundus. 

Vision of the left eye, in which there was myopia of 2 diopters, 
was 10/40. The left fundus was similar to the right. 

The field of vision in each eye was irregularly contracted to about 
the 10 degree meridian. 

Unfortunately, no drawings were presented. 
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When Leber saw the patient he classified the condition as retinitis 
pigmentosa associated with extreme atrophy of the choroid. Mauthner 
reported the case as ‘“‘a case of choroideremia” and wrote that it was 
unusual to see so much pigmentary change with so little alteration of 
the disk, and since the patient had seen poorly ever since he could 
remember, Mauthner thought that he was dealing with a case of con- 
genital absence of the choroid. 

It must be evident that if the astute Leber diagnosed the condition 
as retinitis pigmentosa the characteristic symptoms and signs must have 
been those of this disease. The disagreement with Mauthner seems to 
have been based, first, on the duration of the disease and, second, on 
the normal color of the disks. No matter how one may finally decide, 
Mauthner’s case stands as the typical example of choroideremia. 

At the beginning of this discussion I wish to say that practically no 
' two cases are alike in regard to the distribution of pigment, the size 
and shape of the retained choroid about the macula or the modifications 
in the retinal and choroidal circulation. Many cases are similar but 
none are identical. 

Koenig in 1874 reported on the condition he found in two brothers. 
One of the patients was 20 years old and could not see in the dark or 
by artificial light. His sight had been poor as long as he could remember. 
A younger brother was similarly affected. The seven other children in 
the family were free from any ocular disease. The parents and grand- 
parents were said to have had normal vision. It is to be regretted that 
the actual vision in each case was not recorded. The fields were con- 
tracted from 40 to 70 degrees in good light, while in the dark they 
were contracted from 4 to 11 degrees in the various meridians. The 
disks were of normal color, and the retinal vessels were normal in size 
and distribution. There was a decided white reflex of the fundus, with 
an absence of all the choroid except in the macular region, where the 
choriocapillaris was still present, giving that part of the fundus a prac- 
tically normal color. There were a few choroidal vessels, especially 
near the right disk of the eye of the older brother, and a few patches 
of pigment beneath the retinal vessels. The fundi of the younger 
brother were almost similar, except that the spots of pigment were more 
numerous, more angular and elongated. 

Morton’s patient was a man 55 years of age, who for five or six 
years had stumbled against objects in the dark. The central vision was 
good. The field was contracted to about the 10 degree point. Morton 
stated : 


The fundus shows in a most remarkable manner the whole of the choroidal dis- 
tribution of vessels. There seems, except in the region of the macula, to be almost 
complete atrophy of the pigment layer of the retina and of the chorio-capillaris. 
The larger choroidal vessels retain their normal appearance towards the periphery, 
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but on approaching the disk the lumen is almost obliterated and they appear as 
white bands traversed in the centre by a fine red streak, so small as to be dis- 
cernible only by direct examination. The interspaces are filled with dark pigment. 
Chiefly toward the periphery, among the terminal retinal vessels, there exist several 
areas in which are seen fine reticulations of pigment together with some larger, 
irregular, and stellate masses. 


Peltesohn cited the case of a 21 year old man who for at least two 
years had noted failing vision. The field in dim light was contracted to 
the 10 degree point. In all probability the condition was choroideremia, 
although the description of the fundus is not convincing. 

Cowgill spoke about his findings in a 17 year old youth whose sight 
had always been poor. The external appearance of the eyes was normal. 
Vision of the right eye was 10/200 with a —8 diopter lens. There 
was no evidence of choroid, and the entire fundus was of scleral white- 
ness. The retinal vessels were normal. A large cilioretinal vessel from 
the temporal side of the disk supplied the macular region in an area 
about the diameter of the disk. 

Vision of the left eye with a —8 diopter lens was 8/200. The 
fundus of this eye was practically similar to the right fundus, except 
for the vessels which extended to the macular region. No details were 
given regarding the field or the family history. 

The entire article by Bullar is quoted: 


The sight has always been bad. The two eyes are practically alike. The 
greater part of the fundus appears of a greyish white with scattered pigment spots. 
The ordinary red reflex of the choroid is limited to a small patch in the macular 
region and around the disc. Some isolated choroidal vessels may be seen, and in 
the peripheral parts of the visible fundus there is a faint red tinge. The visual 
fields consist of a small central part of less than 10°, and of a peripheral part con- 
sisting in the right eye of a narrow ring, and in the left eye of a narrow crescent. 
The vision on December 1892 was O.D. with a —5.50 D. 6/18. O.S. with —5.50 
D. 6/12 and on October 21, 1897 the vision was O.D. with —7.00 D. 6/18, O.S. 
with —7.00 D. 6/9 and the V.F. appears to be unchanged. Parents not felated. 
Two sisters and two brothers can see well. Two brothers have bad sight. 


Nettleship included this case in his comprehensive study and stated 
that the patient was a youth 16 years old. 
Thompson’s notes are also given verbatim : 


J. K—aet. 18, of Swansea. From early infancy was noticed to hold objects 
very close to the eyes and to “peer round” at anything to which his attention was 
directed as though he only saw it straight in front. Of the others said to have 
normal vision; parents’ sight good; his granduncle said to have had similar eyes to 
this patient. Parents not related. No specific history. 

Vv {R= oe 5. -3 

*(L.=20/200, J. 1 
Has marked night blindness. Pupil reflexes normal. Ophthalmoscopically the 
fundi present throughout the appearances of dazzling white sclera with the retinal 
vessels coursing over, as seen in coloboma of the choroid. No chorio-capillaris or 
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red reflex seen except at the macula regions. A few small isolated vessels scat- 
tered here and there (? ciliary). No gross pigmentation visible. Fields of vision 
enormously contracted, less than 10°. December 7th—With glasses, —3 D. Sph. 
V. = 20/30 R. and L. 


Seven years later Wardale reported further on Thompson’s case 
and stated that the appearance of the fundus remained the same but 
that vision of the right eye was reduced to counting fingers and vision 
of the left to 4/60. 

Bednarski’s case was that of a man 23 years old who had a ring 
scotoma. His fields of vision were contracted to the twentieth and the 
sixtieth circle, respectively. Vision of the right eye with a — 1.50 diop- 
ter sphere was 5/15, and vision of the left eye with a — 2.00 diopter 
sphere was 5/15. The author’s drawing is not sufficiently clear to either 
include or exclude this case from the literature, for the condition may 
have been a stage of choroideremia. 

Landman saw a 44 year old man who had always complained of 
poor vision. The pupils were small and reacted slowly to light. Other- 
wise the eyes were normal externally. The color sense was normal. 
The fields were irregularly contracted to about the third circle. Vision 
of the right eye was 6/18, and the patient could read Jaeger’s test 
type no. 3; with a — 1.00 diopter cylinder, axis 90 vision was 6/8. 
A brilliant white reflex came from the entire fundus, except at the pale 
disk and the vascular plexus, in the macular region. No choroidal 
vessels were visible. The central artery and vein were very small. In 
the macular region there was a group of large and small vessels forming 
what appeared to be a fluffy plexus that filled an area a trifle larger 
than the disk. From the outer portion of this a large broad vessel 
passed obliquely up and outward toward the periphery of the fundus, 
where in part it seemed to be divided in two; still farther in the 
periphery it became single again. This was presumably a vorticose vein. 
Similar vessels were found in other parts of the fundus. There were 
no cilioretinal vessels. Small, thin masses of pigment were scattered 
about the fundus. The left eye differed only in the arrangement of the 
vorticose veins and those coming from the macular region, where there 
were seven small pigmented spots. No notation was made regarding 
the fields or the family history, with the exception of the history of the 
father, who was myopic. 

Nettleship also reviewed the case reported by Thompson, published 
the drawing which did not appear in the original paper and added 
that the patient was seen six years later, when the ‘condition was found 
to be unchanged. There were no consanguinity, no syphilis and no 
tuberculosis. A great-uncle had night blindness. The patient was one of 
eleven children. No other members of the family were afflicted. 
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Marbaix reported the case of a 40 year old man with night blindness. | 
Vision of the right eye was perception of fingers at 2 meters with a 
— 3.00 diopter sphere = 4.00 diopter cylinder, axis 90. Vision of the — 
left eye was 1/3 with a — 3.00 diopter sphere. 

The fundi were similar, both showing a normal-colored disk and 
macular region, a few choroidal vessels and a very white background. 
Perception of color was good. The fields were contracted but not 
extremely small. 

Alexander saw a man 31 years old who had always had night 
blindness. Vision of the right eye was 6/12, and that of the left, 6/15. 
There was marked absence of choroidal tissue except in the macular 
region and in spots in the periphery, where part of the middle layers 
of the choroid and a moderate amount of the choriocapillaris were 
present. The rest of the fundus had a scleral whiteness. The optic 
disks were paler than normal but showed no appreciable amount of 
atrophy, the paleness being due largely to the reflex of light from the 
white fundus. The retinal arteries were only slightly smaller and paler 
than normal, with practically no apparent sclerosis. Lines of pigment 
stretched across the fundus, spreading out at points of intersection to 
form triangular areas resulting in a cobweb-like appearance. The pig- 
ment was for the most part granular, with some roundish and irregular 
forms and a few collections of forms shaped like bone corpuscles, all 
anterior to the retinal vessels. No typical vorticose veins were found, 
although a few large choroidal vessels were seen in the periphery. The 
retina seemed to receive blood from a few perforating vessels which 
might have been ciliary vessels, although they appeared different. 

Grimsdale exhibited a woman 23 years of age with a condition 
diagnosed as hypothyroidism. His description was as follows: 


In both eyes there is an area of choroid tissue, of rather darker colour than 
normal, surrounding and including the disk and macula; the shape is subovate with 
the long diameter, which is roughly twice the vertical transverse. The remainder 
of the fundus shows the white colour of the sclera, crossed by the retinal vessels 
and a few large choroidal trunks. There are a number of patches of pigment, not 
heaped-up but flat, scattered over the whole. Her vision with —5 sph. —3 cyl., 
6/60 in each eye, and binocularly 6/36 doubtfully. She is stupid, and the field 
could not be mapped out but it is clearly much contracted. 


Connor’s case was that of a 25 year old man who complained of 
night blindness, which had been present as long as he could remember. 
There was no history of injury or night blindness in the family. His 
parents were living and well. One brother and one sister were in good 
health. 


Vision of the right eve was 20/20. The eyes were externally normal. 
Ophthalmoscopic examination showed that the media were clear. The 
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fundus reflex was glistening white, and the sclera was exposed, except 
in a circular area about twice the size of the disk in the macular region. 
This had a normal appearance, and there was a slightly darker spot in 
the center of the patch. Scattered about the fundus were a few small 
ciliary vessels and spots of pigment. 

Vision of the left eye was 20/20. The ophthalmoscopic picture was 
nearly the same as that of the right eye, except that the macular region 
was a little less regular in outline and some choroidal vessels extended 
from it toward and below the disk. The retinal vessels seemed entirely 
normal. 


40 
The right field was 60 30. 
40 


The left field was 60 ™ 30. 
40 

A personal communication from Dr. Connor in November 1935 
stated that the fundi had remained the same but that the fields of vision 
were more contracted. 

Zorn reported on a family in three generations of which there was 
night blindness. One of the patients had typical choroideremia; this 
condition was illustrated by a beautiful hed plate. This patient was 
a 29 year old man. Vision of the right eye with a — 2.50 diopter sphere 
was 5/8. Vision of the left eye with a — 1.50 diopter sphere was 5/7. 
The fundus reflex was white; there were many stellate spots of pigment, 
extreme atrophy of the choroid and retention of an irregular macular 
area. The fields were contracted to about the 20 degree point. | 

Beckershaus examined a 33 year old man with vision of 6/24; with 
a — 1.50 diopter sphere vision was 6/12. 


The right field was 4 : 
4 


6 
The left field was 2 12. 
2 


Ophthalmoscopic examination showed that the fundus was snow- 
white, except a small rounded area in the macula and the disk, where 
the normal color and structure were present. There were small dark 
pigmented areas scattered about. On the nasal side there were some 
remnants of choroidal vessels. Both eyes seemed to be similar. 

Three other members of the family were said to have typical reti- 
nitis pigmentosa. 

From a study of the drawing which accompanied the article it may 
be inferred that the retinal veins were of normal size but that the 
arteries were attenuated. The Wassermann reaction was negative. 
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In figure 4 of plate 74 of their article Dimmer and Pillat presented 
the first photographic reproduction of choroideremia. The patient was 
a 44 year old man with vision reduced to perception of fingers at 1.5 
meters. There was a great contraction of the visual field. The entire 
fundus was gray-white. There seemed to be no visible retention of the 
normal choroid in the macular area. There were flecks of pigment, 
retained branches of the ciliary vessels and, in places, heavy pigmen- 
tation. The retinal vessels were stretched and somewhat thinner than 
normal. The entire fundus was obscured, as though seen through a 
cloud. 

Wolf reported the histories of two brothers aged 40 and 42 years, 
respectively, who had had poor vision since childhood, which was espe- 
cially marked at night. The father’s vision was good, but the mother 
had always had poor sight from an undetermined cause. Three other 
brothers were not afflicted. The older of the affected brothers had sus- 
tained a fracture of the right parietal region of the skull one year 
before examination. The Wassermann reaction of the blood and that 
of the spinal fluid were negative. 

J. J. had vision in the right eye of 12/200; with a — 1.75 diopter 
sphere this was increased to 20/100. Vision of the left eye was 20/200; 
with a — 1.75 diopter cylinder axis 90 this was increased to 20/100. 
C. J. had vision of 20/65 in the right eye; with a — 1.50 diopter 
cylinder axis 90 this was increased to 20/30. The pupils were 4 mm. 
in diameter and round; they reacted sluggishly to light. The reaction 
for accommodation was good. The tension was normal, and the media 
were clear. The author stated: 


The ophthalmoscopic pictures were nearly identical in all four eyes. The disks 
were of normal reddish color against a greenish-white background. Except for 
the normal course of the retinal vessels and the macular areas, the fundi appeared 
almost structureless. The macular areas were red instead of the almost uniform 
greenish paleness. Here there was a preservation of modified retinal and choroidal 
structures and a few specks of pigment. This modified area extended beyond the 
macular areas almost to the temporal periphery. The retinal vessels were normal, 
the arteries somewhat contracted. Here and jfhere in the periphery were seen 
specks of pigment, some of which were triangular and were placed on top of the 
retinal vessels. 


The fields for form were contracted to less than 10 degrees. Per- 
ception of color was present at the fixation point only. 

Dr. von der Heydt took the photographs of the fundi of these 
patients and sent me the original plates, from which reproductions 
were made. 

Parker and Fralick published the protocol of a 33 year old man 
whose chief complaint was night blindness, which had been present as 
long as he could remember. The ocular history of the family was 
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without significance. There was no consanguinity. Two sisters were 
free from the disease, and examination of their eyes gave negative 
results. 

Vision of the right eye was 2/60; with a —3.50 diopter sphere — 
—75 diopter cylinder, axis 30 it was 6/75. Vision of the left eye was 
2/60; with a — 3.00 diopter sphere — — 75 diopter cylinder, axis 152 it 
was 6/12. The field was contracted to within the 3 degree circle in 
each eye. 


Ophthalmoscopic examination—In the left eye, the pupil dilated evenly, the 
lens was clear, there were many fine floating opacities and the margins of the disk 
were blurred; the lamina cribrosa was not seen. The retinal vessels showed a 
normal distribution; the veins were full and the arteries contracted. The choroid 
was absent except in the macular region, giving the whole fundus a pearly-white 
appearance outside the central area; the latter showed a plexus of choroidal vessels 
surrounded by a fine pigmented region that gradually faded into the white back- 
ground, except temporarily where the slightly pigmented area extended into the 
periphery. The central plexus of vessels had its origin in a perforating vessel 
that appeared immediately temporally to the border of the disk and divided into 
two branches which ran up and down for a short distance, parallel to the margin 
of the disk, then turned abruptly toward the macula. In the macula region these 
two arteries divided and formed a vortex-like arrangement from which two 
branches continued in a more or less horizontal direction toward the temporal 
periphery. From the point of entrance and the course taken by this vessel, it 
apparently was a short posterior ciliary artery. Another vessel perforated the 
sclera immediately above the macula and ran up and out, nearly parallel to a 
descending branch of the superior temporal artery of the retina. About two disk 
diameters mesially from the border of the disk there was a small spot of pigment 
over the retinal vessels. In the extreme temporal periphery a large plexus of 
vessels was seen from which two branches emerged which diminished in size as they 
coursed toward the macula and became lost in the central area. They appeared to 
come from the ciliary body, and apparently were branches of the long anterior 
ciliary artery. No long posterior ciliary arteries or vorticose veins were seen. 
Several small accumulations of pigment were scattered irregularly about the fundus. 
The general appearance of the right eye was the same as that of the left. The 
arrangement of the vessels carrying the blood to the macular region was almost 
identical. 


De Schweinitz, in discussing the paper of Parker and Fralick, 
reported the case of a 14 vear old boy who had always had poor vision. 
Both the parents were healthy and were unrelated. The first exami- 
nation was made in 1921. Constant lateral nystagmus was present. 
There were some opacities in the anterior cortex of each eye and a star- 
shaped opacity in the posterior cortex. Practically complete choroider- 
emia was present, except in the area surrounding the macula. The 
condition was more marked in the right eye than in the left. Vision of 
the right eye with a — 7.50 diopter sphere — — 1.50 cylinder, axis 180 
was 5/60. Vision of the left eye with the same glass was 5/50. By 
October 1927 there was considerable increase in the cataractous changes. 
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Vision of the right eye was 20/60, and that of the left, 1/60. Dr. H. F. 
Rhode removed the cataract. Vision of the right eye was 6/30, and 
that of the left, 2/60. The field of vision in 1928 was reduced to within 
the 20 degree circle. 

Weed, in discussing the same paper, stated: “A recent canvass of 
many of the principal blind institutions throughout this country fails 
to show that any patient with congenital absence of the choroid has 
ever been diagnosed in any of them.” 

I stated that I believed that choroideremia can appear in more than 
one form. I also said that I had taken photographs of Parker and 
Fralick’s patient. 

Werkle recorded a case of typical choroideremia in a 50 year old 
myopic man who had marked concentric contraction of the visual field 
and night blindness. The fundus reflex was white; the retinal vessels 
were practically normal, and the choroid was almost completely absorbed 
except for an ovoid area in the macula. There were scattered specks 
of pigment throughout the fundus, particularly in the periphery. The 
illustrations which accompanied the article established the case as one 
of choroideremia. 

In 1932 Bahn exhibited drawings of several of the eyes of patients 
with choroideremia whose cases had previously been reported and pre- 
sented a 42 year old man suffering from night blindness. His eyes were 
photographed by me. 

The disk of the right eye was oval, clearly outlined and slightly 
gray-brown. All the retinal vessels were markedly contracted and ran 
a fairly straight course. The fundus was very pale, with a large, dark 
area with a frayed edge, almost 3 disk diameters in size, including the 
macula. This was seemingly normal retina and choroid to which no 
cilioretinal vessels extended. The choroid could be seen throughout the 
remaining portions of the fundus; in places the channels of the vessels 
could be distinguished, and in the periphery small islands of partially 
destroyed retina were found, 

In the left eye the retinal vessels, especially the arteries, were smaller 
than normal. There was a circumpapillary zone of partial absorption 
of choroid, with a decrease in the number and size of the choroidal 
vessels and marked absence of retinal pigment. The disk was of normal 
color and clearly outlined. The macular region seemed dark by contrast 
with the other parts of the fundus. The fields of vision were contracted. 
[ reported the case of a 45 year old man who began to complain of poor 
sight about a year before the first examination was made in March 1934. 

The right eye was normal externally. Vision was 18/200. The pupil 
was 4 mm. in diameter and regular and reacted normally to light and 
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in accommodation. The pale disk was slightly oval, with a thick, uneven 
nasal margin and a shallow central excavation. The retinal vessels 
divided and passed as an upper and a lower branch; these again sub- 
divided and continued without an unusual course or changes in caliber. 
Several fine vessels extended over the disk, but there were no cilio- 
retinal vessels. Both arteries and veins were about one-half their normal 
size, but neither system showed irregularity of the lumen or unusual 
distribution. The choroid was almost entirely absent, although careful 
examination with red and blue light disclosed faint remnants in isolated 
regions, such as the area about the disk, where a delicate pattern sug- 
gested the choroidal vessels, and a thin, uneven coat of retinal pigment. 
The latter varied from a dense, dark, reddish brown, irregular area 
between the disk and the macula to a barely visible weblike shading. 
Surrounding the macula the pigmentation was somewhat triangular and 
was almost twice as long as the disk, in its greatest diameter. The 
darkest portion was the pyriform or flattened oval of the macula itself, 
which was sharply differentiated in the photograph but not so clearly 
distinguished when seen with the ophthalmoscope. Scattered flecks of 
pigment were found in the periphery of the fundus. The white sclera 
dominated the picture. 

The left eye was externally normal, and vision was 6/200. The 
fundus was almost snow-white ; the sclera was visible throughout, with 
the exception of a few scattered areas of pigment, the disk and the 
macula. The dull gray disk was slightly oval, and the temporal side 
faded into a faintly pigmented zone, while the nasal edge was clearly 
separated from the retinal pigment, which was about one-third the disk 
diameter in width. The brownish pigment which partly encircled the 
disk was thin and in places absent, and two dark flecks lay beneath 
the retinal vessels in proximity to it. The vessels divided after passing 
through the central excavation into a superior and an inferior branch, 
and from these major subdivisions large and small branches extended 
over and beyond the disk. The arteries and the veins were measurably 
smaller than those in the right eye. The dark macula was almost round ; 
its diameter was about one-third that of the disk, and it was surrounded 
by a triangular zone of what appeared to be pigmentation but what was 
in reality the remaining part of the normal retina. The edge of the 
region was not distinct. All the blood vessels to the macula came directly 
from the retinal supply; there were no cilioretinal vessels. 

The field of vision in each eye was very small, ranging from 2 to 
5 degrees from the fixation point. 

Wiirdemann, of Seattle, sent one of his excellent paintings and the 
history of a man aged 40 who had been practically blind since child- 
hood and had never been able to see small print. He had night blindness. 
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Visual acuity in each eye was 20/100; the fields were almost tubular. 
Wirdemann stated: 


My diagnosis at first was chorioretinitis pigmentosa with secondary sclerosis 
of the choroidal vessels. This is substantiated by the tubular visual field and the 
bone corpuscle-like pigmentation in the periphery of the retina. In previous years 
there was probably more pigmentation, which had resorbed. There was preserva- 
tion of the macular area which showed as a brownish red island in the sea of con- 
fluent degenerated vessels. This island was supplied by macular blood vessels 
which persisted. 

A faint pinkish glow is apparent in parts of the fundus but the connective tissue 
deposit is so great that in most areas the fundus is almost white. The optic nerve 
appearance is pink from contrast. The retinal vessels are quite straight. They 
extend well over the fundus but are very small in caliber. 

This may be a case of secondary chorioideremia. 


Wiurdemann also sent notes regarding a man aged 35 years who first 
consulted him on June 7, 1934. The patient gave a history of having 
always been near sighted and having had night blindness. His light 
adaptation has been very poor. His grandfather on his mother’s side 
had a similar condition, but no other relatives seem to have been 
affected, to his knowledge. The Wassermann reaction in 1929 and in 
1932 was negative. He has always been able to do canvassing work 
until recently. 

Examination of the eyes showed central vision of the right and the 
left eye of 6/60. Vision of the right eye with a — 1.50 diopter sphere 
combined with a — 1.00 diopter cylinder, axis 60 was 6/15, while vision 
of the left eye with a — 2.00 diopter sphere combined with a — 0.50 
diopter cylinder, axis 90 was 6/24. 

The visual field in each eye was contracted to a circle of practically 
10 degrees. However, the patient had a glimmer of very large objects 
in the outer portion of both fields. He was color blind to red and green. 
The cornea, lens and vitreous were clear. 

The ophthalmoscopic picture was that of essential atrophy of the 
choroid and retina, with absorption of pigment. The blood vessels were 
contracted, and the finer ones were not visible. 

Benedict, of the Mayo Clinic, sent me the following notes on an 
unpublished case of choroideremia. 


M. H. T., a man aged 48, came to the clinic on Dec. 5, 1934. Vision of the 
right eye was perception of moving objects; that of the left eye was 6/20 with 
glasses. The patient was unable to read Jaeger’s test type no. 1. Divergence mea- 
sured about 12 degrees. At the age of 6 years he had observed that he could not 
see well at night. He was known to have been near-sighted since the age of 12 
(he could see to play ball fairly well but could not read from the blackboard at 
school). He noted gradual decrease in vision until the age of 22, when he secured 
glasses for myopia. The glasses aided vision considerably but did not bring it up 
to normal. He had been unable to read newspaper print for four years prior to 
his admission to the clinic. He was still able with the left eye to read headlines 
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letter by letter but could not see a whole word. The family history was good. 
The parents were second cousins. One brother wore glasses but had good vision 
until he died at the age of 27. 

The pupils dilated freely. The lenses were clear except for vacuoles clumped 
in the posterior central portion. The vitreous was clear. The eyes were myopic; 
best vision was with a —15.00 diopter sphere. There was almost complete absence 
of pigment in the choroid, the whole fundus appearing white except for vessels 
and a few scattered clumps of pigment. The best preservation of pigment was 
noted in the macular region. 


REPORT OF NEW CASES 


Five new cases seen in my own practice are added. 


Case 1.—A man 59 years of age who had worn glasses for thirty-five years 
and who had always been unable to get around at night recently experienced diffi- 
culty in the bright sunlight. With the exception of one brother who had a similar 
condition, the family history was irrelevant. Vision of the right eye was 1/200; 
with a —2.00 diopter sphere it was 20/200. The pupil was 3 mm. in diameter, 
regular and active. There were many dense opacities in the posterior cortex. 
The disk was a little pallid but well outlined. The retinal vessels were attenuated, 
and surrounding the disk there was a broad zone ‘of partial absorption of the 
choroid. In some places there was almost complete absence of vessels; in others 
a few straight choroidal vessels were present. The macular region appeared dark 
because of the contrast to its white surroundings. 

Vision of the left eye was 1/200; with a — 2.00 diopter sphere is was 20/200. 
Externaliy the eye was normal. The lens showed a few dense spicules in the lower 
temporal part of the anterior cortex and a triangular mass of vacuoles in the 
posterior cortical layer. The fundus was similar to that of the right eye. The 
disk was pale, oval and clearly outlined. The retinal vessels were smaller than 
normal, and the absorption of the choroid was greater than in the right eye. The 
white reflex from the fundus was intensified, and the dark macular area was more 
striking than in the right eye. 

The patient had great difficulty in getting about, and because of his cataractous 
changes and mental condition accurate fields were unobtainable, but they were 
very small. 


Case 2.—H. K., a man 45 years of age who had worn glasses for sixteen years, 
recently found that it was difficult to read. He had had night blindness since 
childhood, and a brother was similarly afflicted. Four sisters and one brother, 
the mother and the father did not have the condition. 

y) 


The field of vision of the right eye was 3 
1 


1 
The field of vision of the left eye was 2 3 


2 

The patient had extreme difficulty in getting about after dark. 

Vision of the right eye was 2/200; with a — 3.00 diopter sphere — — 1.00 
diopter cylinder, axis 165 it was 20/20. The eye was externally normal. 

The disk was of normal color and form. The retinal vessels were measurably 
smaller than normal. Surrounding the disk for a distance of 2%4 disk diameters 
was a white reflecting zone from which almost all the choroid had been absorbed, 
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and only a few atrophic straight vessels and some fine granules of pigment adjacent 
to the vessels about the disk remained. The normal choroid was present above, 
but only the bleached remnants were seen below. The macular region was of 
normal color, but it had an irregular shape and showed definite absorption all 
around it. There were some sclerosis of the existing choroidal channels and 
several scattered dark, almost black, pigment granules. The picture was one of 
disappearing choroid, with a very pale, almost white fundus reflex. 

Vision of the left eye was 4/200; with a —3.00 diopter sphere it was 20/40. 
The eye was externally normal. The disk retained its normal color. The arteries 
were smaller than the veins, and both systems were a little smaller than normal. 
Surrounding the disk was a gray-pink ring of bleached choroid and then a wider 
circle of white where all that remained of the choroid were a few narrow straight 
vessels and widely dispersed fine granules of pigment. The outer border was 
frayed, while beyond it the choroid was in various stages of dissolution. A few 


Fig. 2 (case 3).—Fundus of the right eye, showing a far advanced stage 
of choroideremia, with retention of choroid in the macular region, a circumpapil- 
lary dark ring and a white sclera. Vision was 3/200. The field was small and 
tubular. 


dark streaks lay close to the disk beneath the retinal vessels. The macular region 
was of normal color, but it was encircled by an area of progressing sclerosis 
in the choroid; the straight white channels dominated the picture. The fundus 
reflex was white. 


Transmission seems to follow the male line; the report of two cases 
in a family is not uncommon. Three brothers came to me because of 
night blindness. The oldest showed the most advanced changes and the 
youngest the least. These cases are recorded at some length. 


Case 3.—E. L., a man 57 years of age, started to wear glasses twenty-two years 
before and for the last twenty-nine years had seen so poorly that he had been unable 
to go out after dark. He had been color blind for several years) and was said to 
have had spinal meningitis when 4 years of age. 

Vision of the right eye was 3/200. The refractive error was similar in both 
eyes, —3.00 diopters. Externally the right eye was normal. The disk was of 
normal color. The retinal arteries and veins were normal. A broad, pale, white 
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glistening zone surrounded the disk. It was widest in the upper temporal region, 
where a few fine flecks of brownish granular pigment were scattered. A narrow 
zone of normal-appearing fundus measuring about one-third disk diameter encircled 
the disk. Extending almost horizontally from the temporal border of the disk was 
a large tortuous choroidal vessel which passed into the macular region, where it 
was jo:ned by several other vessels. The macular region was of normal color, 
but in no other part of the fundus was the choroid as completely preserved. The 
macula was a circular dark area near the center of the retained choroid. The 
scleral background gave a glistening white fundus reflex. Narrow straight stripes 
of choroidal vessel were found in parts of the fundus. 

Vision of the left eye was 3/200. Externally this eye was normal. There was 
no involvement of the posterior cortex. The disk was of normal color and was 
surrounded by two circular lines in which the choroid seemed to be retained. 
There were very large choroidal vessels passing to the nasal and superior 
quadrants of the fundus and almost complete bleaching and disappearance of the 
choroid in a wide circumpapillary zone in which straight shrunken remnants of 
choroidal vessels were present. The choroid was unchanged in the macular region, 
which retained its normal color. There was more choroid than in the right eye, 
and the pigmentation was heavier. Far to the temporal side the flecks of pigment 
diminished in size and density, but the characteristic straight vessels were 
present, as well as short faint lines, the last vestiges of the choroid and vessels. 
The field of vision was markedly contracted, even with the 4 degree target. 


3 
The field of the right eye was 3 . a 


The field of the left eye was contracted within the 2 degree circle in all 
meridians. 

Two of the patient’s children were normal. One was a married daughter 31 
years of age, and the other, a youth 18 years of age. Vision was 20/15 in each 
eye, and the fundi showed no evidence of any abnormality. 


Case 4.—E. C., the second brother, was 43 years of age. He had worn glasses 
for nineteen years. In 1910, while working in the wheat fields of the Canadian 
Northwest, he stumbled over the shocked wheat. His night blindness had steadily 
increased for ten years. He had had difficulty with his close work for several 
months. His personal history was not significant. Perception of color was prompt. 


The right field was 3 


1 
The left field was 2 P z. 


Externally the eyes were normal. 

Vision of the right eye was 5/200; with a —4.25 diopter sphere is was 
20/70. The disk was of normal color. The inferior edge faded into a pale 
choroidal remnant. Almost completely surrounding the disk was a very wide zone 
of practically complete destruction of the choroid. On the nasal side this was much 
wider than in any other area, measuring several disk diameters. On the temporal 
side it was variegated; in places there were straight, narrow, fragmented choroidal 
vessels with dots of fine granular pigment, and in others more choroidal tissue 
was present, giving a pale pink reflex. In the macular region there were reten- 
tion of choroid, some migration of dark pigment and definite sclerosis of a few 
of the choroidal channels which remained. The retinal vessels were smaller than 
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normal but showed nothing distinctive in caliber or course. The nasal half of 
the fundus showed characteristic changes of choroideremia. The few visible 
vessels were straight, narrow and isolated, and the few flecks of pigment lay 
beneath the retinal vessels. The temporal side showed another stage of the 
process. The fundus seemed striped. An analysis of the stripe showed that the 
dark portion was the retained choroidal tissue about a choroidal vessel. The space 
between these vessels was almost white, although occasionally, as in the upper 
quadrant, there were some thick black retinal streaks, and in the lower quadrant 


Fig. 3 (case 4).—A, fundus of the right eye. Vision was 5/200; with cor- 
rection with a —4.25 diopter sphere it was 20/70. There is extensive loss of 
the choroid, with retention in and about the macular region and an incomplete 
circumpapillary dark ring. B, temporal side of the fundus of the right eye. The 
choroid is absent except as stripes adjacent to the choroidal vessels. C, nasal 
side of the fundus of the left eye, illustrating the great loss of choroid and the 
peculiar remnants of vessels resembling fish hooks. Vision was 5/200. The field 
was extremely small. 


there was some irregular massing of the same type of pigment, all of which lay 
beneath the retinal vessels. In the upper, outer portion an attenuated almost com- 
pletely isolated choroidal vessel was sclerosed. The fundus reflex was white, with 
the exception of the nerve head and the region surrounding the macula, where the 
normal color was preserved. 
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Vision of the left eye was 5/200; with a —5.00 diopter sphere — — 1.75 
diopter cylinder, axis 90 it was 20/50. This eye showed a more advanced stage 
of the same disease. The small round disk was of normal color and had a deep 
but small central excavation. Surrounding the disk was a narrow zone of par- 
tially retained choroid, and beyond this was a white belt of variable width. There 
was a definite cilioretinal vessel to the temporal side. The macular area was 
of normal color but irregular in outline and faded into the superior temporal 
region, where a small portion of choroid survived. The macula itself was a dark 
circle. There were a few drusen in the region. Farther to the temporal side 
the distinctive stretching and straightening of the choroidal vessels and the dis- 
solution of the chorcid were seen. The darkest stripes were large choroidal 
channels about and overlying which traces of the choroid persisted. Between the 
attenuated vessels there was some mottling, the result of incomplete absorption 
of choroid. There were also a few pigmented flecks over the choroidal vessels. 
In the nasal side there was the merest suggestion of choroid on the glistening 
white sclera. The vessels were very narrow—a few straight interrupted lines. 


The third brother was unaffected. 


Fig. 4 (case 5).—Fundus of the left eye, showing straight choroidal vessels 
and a wide zone of partial absence of choroid. Vision was 20/50; with correction 
with a —1.50 diopter sphere it was 20/20. The field was very small. 


Case 5.—C. C., the fourth brother, was 34 years old and had worn glasses 
‘about seventeen years. Five years before he was seen the right eye was removed 
because of an injury due to the explosion of a gun. I was not able to see the 
globe or get a report, for, unfortunately, the eye was not subjected to pathologic 
investigation. 

Vision of the left eye was 20/50; with a — 1.50 diopter sphere it was 20/20. 
Externally the eye was normal. The pupil was 3 mm. in diameter, regular and 
active. The media were clear. The disk was round and clearly outlined and 
showed a small central excavation and normal color. The retinal veins, espe- 
cially the temporal branches, were fuller than normal, although they were neither 
tortuous nor of unequal width. The arteries were straight. A broad whitish artery 
measuring 3.5 disk diameters surrounded the optic nerve head. This was widest 
to the'nasal side. Part of the temporal border was a dark seemingly normal area 
surrounding the macular region. In the pale zone most of the choroid had 
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disappeared. The pigment was evident as fine granular dots, and the few remaining 
vessels were straight narrow streaks. In the periphery of the fundus the stretch- 
ing, attenuation and depigmentation were in a less advanced stage than that in 
the patient’s brother, E. C. Beneath a large vein there were several long streaks 
of dark pigment, and the smaller choroidal vessels had in many places entirely 
disappeared. 

There was marked night blindness, which had been present for ten years. 
Perception of color was unimpaired. 


6 
The field of vision was 5 
8 


DIFFERENTIAL DIAGNOSIS 


The normal layer of choroid consists of a network of vessels with- 
out distinctive arrangement or definite form. When for any reason it 
becomes blanched the scleral reflex is increased. In sclerosis of the 
choroidal vessels the whiteness of their walls increases the pallor of 
the fundus reflex. 

Nyctalopia associated with myopia calls for rare discernment in the 
‘proper evaluation of the role that myopia bears to it. The value of a 
careful anatomic foundation on which to construct the myopic theory 
of night blindness is essential. 

It is well recognized that the choroidal circulation follows no set 
course, that the major vessels, the vorticose veins, vary in size, number 
and distribution and that the typical choroidal circulation often shows 
the broad choroidal channels in and about the macular region or con- 
vergence of the blood channels entering the optic nerve sheath. The 
variations are so numerous that it is not possible to segregate them 
into groups or at this time draw conclusions as to which type of cir- 
culation seems to be more prevalent in myopia or as to which form 
seems to lead to the degeneration of the macular region. In fact, it 
cannot even be assumed that there is an especially thick choroidal 
mat either in those eyes that eventually become diseased or in those 
that escape macular changes. 

On clinical examination the thinner the retina the more clearly 
the choroidal vessels are seen, and therefore more of the choroidal 
circulation is visible than in the normally pigmented fundus. For this 
reason and for other reasons, it is seemingly impossible to foretell in 
which type of progressive myopia the pale fundus will be found or 
the macular degeneration caused by stretching of the choroid will appear, 
first, because tears or rents of the choroid do not develop with any 
great regularity in myopia of a definite degree and, second, because 
macular choroiditis is found with myopia of low degree as well as 
with excessively high myopia. A review of my cases shows that the 
destruction is much greater in the eye with myopia of more than 10 
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diopters. The appearance of the change varies from narrow rents in 
the retina, through which the white ‘sclera is visible, to large, rounded 
areas and great areas of destruction many times the disk diameter 
in size. It is interesting to note that in some of these more extensive 
areas of degeneration large choroidal channels extend to the border 
of the diseased portion. 

Again, the nerve heads in myopia differ so much in form and surface 
contour that much time could be devoted to the interpretation of them. 
The narrow crescent, the wider conus, the still wider depressed staphy- 
loma, the partial coloboma and the complete coloboma are examples 
in point. All these vary in size. The coloboma may be continuous 
with a staphyloma, or it may be separated and be a distinct, extensive 
loss of choroidal structures, with resulting ectasia of the scar and a 
deeply excavated area. 

The circulatory degenerations in and about the macular region are 
not more common in myopic eyes than in those with other refractive 
errors, and therefore the changes of the vessels cannot be directly 
ascribed to the stretching of the globe. There seems to be no distinc- 
tive fundus picture in the night blindness found in conjunction with 
myopia. 

The absorption of the choroid as a result of disease seems to bear 
little or no relation to myopia. It advances in several rather different 
ways. In one form there is widespread involvement followed by rapid 
dissolution of the choroid. The retinal pigment migrates to the periphery 
of the fundus, where it remains for a time, at least, as round, oval 
or elongated very dark spots. 

A somewhat similar appearance follows injury sustained at birth. 

In the second form of choroideremia the choroid shows definite 
visible sclerosis, which may or may not follow trauma. In some cases 
no history of injury is obtainable. 

In the third form there is a constant stretching df the choroid as 
a result of the progressive elongation of the eyeball. 

In the fourth type the pigmentary layer of the retina is absent. 
The fundus is pale pink; the choroidal vessels are reduced in number 
and size, and frequently only the large choroidal channels remain. In 
my experience, these changes are found in high myopia and, in rare 
cases, in association with albinism. 

In the fifth type the absorption starts with definite areolar loss 
about the disk and progresses toward the periphery. 

The sixth type, which has been called acquired choroideremia, is 
characterized by a whitish pink or yellow fundus reflex and extensive 
peripapillary atrophy, with absence of the choroid. The retinal vessels 
are often only slightly changed in caliber and distribution. Occasionally 
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the pigment is massed about the macular region and in that way sug- 
gests the macular retention found in choroideremia. In other cases the 
process is much more irregular; large dark islands of unimpaired 
choroid persist, presenting a novel pattern. And, finally, there is gyrate 
atrophy of the choroid, which is so distinctive that it should rarely, 
if ever, be confused with choroideremia, for the destroyed areas are 
so definitely peripheral that there is no early circumpapillary atrophy 
and no characteristic macular design. 

Choroideremia is a unique disease in that the macular region is the 
last to register the destructive process. The retinal pigment seems to 
be washed out, for that which remains may be likened to débris depos- 
ited by a receding flood. 

In some syphilitic fundi there is a broad circumpapillary irregu- 
larly outlined zone from which the retina has been absorbed, leaving 
a very faint marginal pigmentation. The fundus reflex is pale and can 
only to the uninitiated suggest beginning choroideremia. 

Close inspection will lead to the early exclusion of choroideremia, 
and laboratory studies will disclose the constitutional basis for the 
fundic change. The differentiation may be a little perplexing when the 
lesion is bilateral. 

At times the syphilitic fundus shows practically no choroid; the 
macula is not preserved; there are no straight vessels, and the sclera 
is obscured rather than exposed. The central region about the macula 
may be clearly outlined and surrounded by a wide pale zone in which 
there are many scattered collections of pigment, some irregular and 
others without definite form. The fundus reflex is dull silvery gray, 
in contrast to the white reflex of choroideremia. 

Confusion is sometimes caused in syphilitic fundi in which the pig- 
ment is deposited along the side of some of the larger retinal vessels, 
perhaps more often the veins, and in those in which the veins are encased 
in a black sheath. 

Choroideremia has been confused with retinitis pigmentosa more 
often than with any other disease, for two reasons: first, because in both 
the dominant symptom is night blindness and, second, because not 
many physicians have a clear conception of choroideremia. On oph- 
thalmoscopic examination the white fundus reflex in the former is 
diagnostic. 

Unfortunately, comparatively few eyes with retinitis pigmentosa 
have been subjected to a critical pathologic analysis, and still more 
deplorable is the difference of opinion expressed by the pathologists. 
Some claim that sclerosis of choroidal vessels is an integral factor in 
this disease, while others maintain that there is no involvement of 
the choroid. 
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If one accepts the pathologists’ reports that in retinitis pigmentosa 
there is no choroidal sclerosis, it will be necessary to reclassify a large 
group of cases in which peripheral retinal pigmented areas shaped like 
bone corpuscles are found in conjunction with marked sclerosis, involv- 
ing both the large and the small blood vessels of the choroid. Clinically 
this presents a somewhat difficult problem, and until more eyes with 
retinitis pigmentosa are examined pathologically or until cases of 
choroidal sclerosis associated with retinal accumulations of pigment are 
so studied there will be confusion in the terminology. For the present 
it seems feasible to continue to call the condition retinitis pigmentosa. 

A somewhat similar uncertainty seems to exist in relation to retinitis 
albescens, a much rarer disease, in which night blindness is the para- 
mount symptom. To establish a diagnosis of retinitis albescens it is 
essential that colloid excrescences variously described as drusen, Gunn's 
dots, Crick’s dots and Tay’s choroiditis be so clearly understood that 
mistakes will be avoided. 

The fundus picture of a 5 year old child with night blindness vaguely 
arouses the suspicion of early choroideremia because of the circum- 
papillary pallor. 


It is probable that some conditions which have been diagnosed as 
retinitis pigmentosa belong in the class of choroideremia, and it may 


be that some of those conditions diagnosed as congenital night blindness 
without changes in the fundus should be placed in a group in which 
the underlying lesion can be discerned only by the highest power oph- 
thalmoscope and by special filters. 

Coloboma of the choroid, even when most extensive, can be distin- 
guished from choroideremia in many ways, the most important of which 
is the depression of the colobomatous zone. In choroideremia the sur- 
face of the sclera follows its normal contour and presents no ectasia. 
The pigmentation about the coloboma is entirely different from the 
scattered flakes of pigment of choroideremia. The distribution of the 
blood vessels, except in a very advanced stage of choroideremia, cannot 
be confused in the two diseases, for in cases of coloboma a few retinal 
vessels may pass over the white region, while those of the choroid are 
pushed to one side and are never short straight isolated lines. 

Posttraumatic bleaching of the choroid is too dissimilar from 
choroideremia to warrant more than passing mention. The pigmenta- 
tion is different, and the scleral whiteness never reaches the degree 
present even in the earliest choroideremia which I have seen. 

In disseminated choroiditis the syndrome of the pale fundus, the 
irregular loss of the retina and choroid and the diversified massed 
pigmentation, with sclerosis of choroidal vessels, presents itself in so 
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many ways that the pictures are bizarre, and always different but never 
like that of choroideremia as here reviewed. 

It must be conceded that choroidal sclerosis in itself is not a cause 
of night blindness or even an implication that eventually the choroid 
will disappear. So that until a patient is followed from the stage of 
early sclerosis to one of the photographed stages of choroideremia one 
must withhold final judgment. When the cases are analyzed one must 
conclude that at some time the choroid was intact, that the vessels were 
of normal size and distribution and that the changes described were 
instituted as a result of some as yet undiscovered cause, and after they 
once started nothing seemed to check them. 

One may define choroideremia as a condition in which the choroid 
disappears, and in the light of the present knowledge it seems to pro- 
ceed in a definite, uniform manner. 

From the examinations made in these several cases it is possible 
to visualize the earliest ophthalmoscopic changes as well as the latest, 
but as yet one cannot be certain just when or how the choroidal vessels 
begin to contract. First the small vessels disappear, and then the larger 
ones become very narrow and finally melt away, leaving some evidence 
of the way in which they were absorbed. The vorticose veins are almost 
straight and so attenuated that they look like the larger choroidal ves- 
sels. The smaller channels become mere threads, so widely separated 
that they appear as thin brown lines with no trace of their origin or 
destination. The pigment of the fundus is partially or completely 
dissolved, but faint remnants may lie beneath the retinal vessels and 
be scattered in the fundus, particularly in the periphery. After this 
depigmentation and atrophy of the choroid the sclera becomes visible, 
and on ophthalmoscopic examination in cases in which the condition 
is advanced the reflex is white. In the beginning there is a curious 
whitish yellow spotted reflex or a very pale pink one. This strange 
fundic picture is associated with night blindness, which precedes the 
alterations in the fundus. The field of vision shows early contraction 
and eventually almost complete loss. 

It is not known why some eyes are affected or when the initial 
changes develop. In the cases analyzed in this paper there seems to 
be no positive connection between the age of the patient and the fundus 
pattern. Unfortunately, with the exceptions of the cases of Thompson 
and Connor, there have been no rechecks years after the primary inves- 
tigation. Connor in a recent personal communication stated that there 
was very much greater contraction of the visual field in his patient, 
but no notations were made regarding any new change in the fundus. 

Careful inspection of the affected eyes shows that the pigmented 
spots are somewhat different from those in any other disease, although 
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in the critical study of many cases in which there is pigmentation of 
the fundus isolated deposits may simulate those commonly ascribed 
to some of the other diseases which have been discussed. 

In a few of the earlier reports stress was laid on the auxiliary 
blood supply to the macula as being of vital importance. The photo- 
graphs show that cilioretinal vessels are infrequently present, and seem- 
ingly, therefore, the auxiliary system plays no constant or distinctive 
role in the preservation of the choroid in the macular region. 

Although this series of cases probably covers all those recorded 
in literature, it is too small and there are too many conflicting descrip- 
tions to permit the drawing of theoretical conclusions. 

Nevertheless, I am convinced that there are hundreds of cases of 
latent choroideremia which have never been recognized. I believe that 
with the more general understanding of the disease the diagnosis will 
be made earlier, and in all probability the condition will eventually 
yield to some form of therapeutic endeavor. Until that time comes 
every effort should be made to stop its further increase by preventing 
reproduction by persons with the condition and thus eliminating a 
tainted strain. 

This paper does not pretend to cover the subject of night blindness, 
and I am not unmindful of the transitory form of the disease produced 
by avitaminosis or the as yet rarely seen Oguchi’s disease. The aim 
is to describe choroideremia so clearly that it will be recognized, that 
the marriage of those afflicted will be condemned and that children 
resulting from such unfortunate unions will not be permitted to propa- 
gate those who may eventually become dependents. 

Choroideremia is an entity with a pathognomonic fundus, and as it 
develops during the life of the patient it must not be considered as a 
congenital absence of choroid but as a dissolution of that membrane. 

With the possible exception of Grimsdale’s patient, a woman 23 
years of age, all those afflicted with the disease have been males. They 
have come under ophthalmoscopic observation from the fourteenth to 
the fifty-ninth year. 

CONCLUSIONS 


Choroideremia is bilateral loss of the choroid occurring in the male, 
accompanied by night blindness and a contracted field of vision. Central 
vision and perception of color are preserved until very late in the course 
of the disease. The picture of the fundus is characteristic: A large 
portion of the choroid is absent; the macula is intact, and the vessels 
of the choroid are small and straight or entirely absent. There is no 
ectasia of the sclera. 
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CHEMISTRY OF THE LENS 
VIII. LENTICULAR METABOLISM 


ARLINGTON C. KRAUSE, M.D. 


CHICAGO 


The main interest in the metabolism of the lens has been centered 
around the quantitative analysis of protein, cystine, glutathione, cevi- 
tamic acid, tyrosine, calcium and cholesterol. A host of other substances 
have been disregarded in spite of the obvious great complexity of these 
substances and their reactions. If an analysis of a clock enclosed within 
a case of pressed casein is made, little is revealed concerning its nature 
except that it is composed of protein, carbohydrate, lipid, phosphates, 
calcium, iron, copper, zinc and water. Important as it may be, a similar 
analytic description of a lens is the chemical picture of a dead lens, 
but a living lens is the result of many complex dynamic processes 
which are simultaneously and constantly occurring to give it life and 
growth. The sum of the physical and chemical processes by which the 
living lens is produced and maintained is called its metabolism. 

In this paper an attempt is made to correlate the numerous analytic 
facts with the theories in order to explain the normal carbohydrate 
metabolism of the lens. This incomplete synthesis is based on the most 
probable interpretation of the present day information and is subject 
to alteration as physiologic chemistry progresses and points of view 
change. No effort is made to discuss the rival merits of different 
theories which may be applied, but only those which seem most adap- 
table to the lens were chosen. Many of the reactions are based on 
unpublished data. Many chemical terms are introduced, as there is no 
way to avoid them in the discussion. 


! 
THE MEDIUM 


The medium in which metabolism takes place in the lens is a col- 
loidal system. As Gortner stated, a colloidal system is a state of matter 
and is not a kind of matter. The lens is a colloidal system of the rigid 
type called a gel. Gels are affected by age, as is shown by their con- 
tracture, or syneresis. The changes in senescence of the lens, particu- 
larly in the nucleus and in the older parts of the cortex, are in part 
associated with syneresis. The surface of the lenticular particulate and 
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micellar matter in the gel creates electrical attractions, molecular orien- 
tation and interfacial tension of immense unknown power and effect. 
The protoplasmic membranes surrounding the lenticular cells may be 
considered as containing substances of the protoplasm which cause a 
lowering of the surface energy at the interface. These substances obvi- 
ously include lipids and proteins. The proteins, which are probably 
more or less denatured by the surface energy, permit water-soluble sub- 
stances to pass through the membrane, and the lipids, the lipid-soluble 
substances. The permeability of the cellular membrane is apparently 
conditioned by some of the metabolic activities inherent in the cells and 
by the effect of ions that permits the exchange of substances to which 
the membrane is not usually permeable. 


WATER 


Water, with its remarkable combination of properties, is the most 
important metabolic substance in the lens. Since it tends to be in the 
highest concentration in those tissues which have the highest metabo- 
lism, it is not surprising that the water content of the young lens is 
higher than that of the old lens. Water in the lens exists as a solution 
of substances, as a phase of the colloidal solution and as water of 
hydration. The water acts as a universal solvent and catalyst, takes 


part in the ionization of electrolytes, increases in amount as an end- 
product of oxidation, enters into the hydrolytic, reduction and oxidation 
reactions, transports the heat of reaction and products of metabolic 
activity into and out of the capsule, is a factor in changes in the physical 
state, lubricates interfaces during accommodation and aids in making 
the lens transparent. In brief, the chemical and physical reactions taking 
place in the lens are primarily determined by water. 

The turgor of the lens is dependent on the amount of osmotic 
pressure of the solution and colloids and the amount of hydration of 
the proteins and other substances within the capsule. It is probable 
that the antagonistic reaction of sodium and potassium to calcium plays 
a part in the maintenance in the protoplasm of a definite balance 
between its liquid and solid phases. The osmotic pressure of lipids is 
small because they possess large molecules and are practically insoluble 
in water. Although they are in great concentration, the proteins also 
have large molecules and thus add little to the osmotic pressure. Con- 
tributing to the osmotic pressure there are, however, many water-soluble 
constituents of the lens, such as the chlorides, carbonates and phos- 
phates, together with other organic and inorganic substances which are 
continually taking part in the innumerable reactions but do not diffuse 
freely through the capsule. Only a few substances, such as dextrose 
and urea, are able to permeate unconditionally the capsule and lens. 
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Osmosis is not to be confused with imbibition of water by the hydro- 
philic colloids, such as proteins and lecithins. The nature of lenticular 
imbibition is exceedingly obscure. 

The swelling of the lens in severe diabetes is probably due to the 
increase of the osmotic power of the lens arising from systemic acidosis. 
At the py of the lens the proteins, acting as anions, combine with base 
to form salts. There is reason to believe that these protein salts are 
only slightly dissociated into ions, and their osmotic power is relatively 
low. An increase of acid has a double osmotic effect. The cation of 
the base is removed from the undissociated protein salt and becomes a 
part of the acid. The addition of the acid anion and the new cation 
greatly increases the osmotic power of the lens. As a result water passes 
through the capsule to equilibrate the osmotic power of the lens and 
the aqueous, causing the lens to swell. Alkalinity produces the oppo- 
site result. 

MAINTENANCE OF THE STEADY STATE 


Except during growth only a dynamic equilibrium necessary to 
maintain life occurs in the lens. In muscle, energy is needed to produce 
work, and in nerve, to build up a potential for the nervous impulse, 
but the lens neither performs work nor transmits an impulse. If the 
equilibrium is not retained within certain limits by the addition of 
energy the normal optical properties of the lens are impaired, and in 


time the lens may even die. A dead lens becomes a useless lens. The 
lens is kept in this steady metabolic equilibrium chiefly by the energy 
derived by the processes involving glycolysis and inner respiration. If 
the Meyerhof-Embden hypothesis of glycolysis and oxidation is applied, 
much of the metabolic activity of the lens may be explained. 

At this point a brief discussion on the definition of oxidation is 
required. In terms of the electronic theory, oxidation is considered to 
be the loss of electrons by an ion or a molecule, and reduction, the 
gain of electrons. Oxidation and reduction are reciprocal processes. 
The end-products may contain more or less energy, or an equal amount 
of energy. If they contain less energy, energy is given off, and if they 
contain more, energy is absorbed. The liberated energy is converted 
into kinetic energy or, as an end-result, into heat. The multitudinous 
reactions in the lens follow these same principles. One reaction gives 
up energy to form other substances the formation of which requires 
energy. Some substances through internal oxidation and reduction, 
with no loss of energy, are converted into other needed substances. 
The hydrolysis of a substance often furnishes energy to rebuild another 
substance. Oxidation, therefore, by means of oxygen is not required 
in many reactions to produce energy. 
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GLYCOLYSIS 


The glycolytic processes are related to the anaerobic transformation 
of dextrose into lactic acid by enzymes. The chief enzymes which are 
associated with the reactions are: phosphatases, which affect the for- 
mation and the cleavage of phosphates, and phosphoryleses, which affect 
the transfer of a labile phosphate grouping from one molecule to 
another. Since the appearance of phosphocreatine is seemingly a high 
point of metabolic activity, the reaction of this substance may be used 
as the first cycle in the discussion of glycolysis. The hydrolysis of 
phosphocreatine liberates a relatively large amount of energy. It is in 
equilibrium with adenylpyrophosphate, as is shown in the following 
equation : 


Adenylic acid + 2 phosphocreatine = adenylpyrophosphate + 2 
creatine. The presence of magnesium ions is important for this reac- 
tion. A small amount of creatine is apparently not retained in the lens 
but is converted into creatinine and passed through the capsule into the 
aqueous. A small part of the adenylic acid is deaminated and forms 
inosinic acid and ammonia. The former substance is in part hydrolyzed 
into hypoxanthine, carbohydrate and phosphoric acid and in part 
reformed into adenylic acid by deamination of amino-acids and their 
oxidation. The adenylic acid passes through the adenyldiphosphoric 
acid stage before forming adenylpyrophosphate. 

Dextrose is involved in the second cycle of reactions, which are 
best given in the equilibrated equations : 


1. Dextrose <= hexose-enol. 

The process of phosphorylation is shown by the next equation. 

2. Adenylpyrophosphoric acid + hexose-enol = hexose-enol phos- 
phoric acid + adenylic acid. 

3. Hexose-enol phosphoric acid <= dextrose 6-phosphoric acid. 

4. Hexose-enol phosphoric acid = fructose 6-phosphoric acid. 

5. Fructose 6-phosphoric acid -+- phosphoric acid —> fructose 
diphosphoric acid. 

The third cycle of events carries the reactions down to lactic acid. 


1. Fructose diphosphoric acid = glyceric aldehyde phosphoric acid 
+ dioxyacetone phosphoric acid. 


2. Glyceric aldehyde + dioxyacetone phosphoric acid = 6-glycero- 
phosphoric acid + 3-phosphoglyceric acid. 

3. 3-phosphoglyceric acid = 2-phosphoglyceric acid. 

4. 2-phosphoglyceric acid = phospho-enol-pyruvic acid. 

5. Phospho-enol-pyruvic acid + adenylic acid < adenylphosphoric 
acid + pyruvic acid. 
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The presence of magnesium ions is important for this reaction. 

6. Pyruvic acid + a -glycerophosphoric acid = lactic acid + triose 
phosphoric acid. 

The triose phosphoric acid is reconverted into phosphoglyceric acid 
and a-glycerophosphoric acid, which enter the cycle again. An alternate 
secondary process is the formation from fructose diphosphoric acid of 
methylglyoxal, which is converted into lactic acid. A part of the lactic 
acid passes out of the lens through the capsule into the aqueous. 


INNER RESPIRATION 


The fourth catena of reactions, which are aerobic and which form 
carbon dioxide from lactic acid, is as follows: 


1. Lactic acid loses two hydrogen atoms to form pyruvic acid. 


2. Pyruvic acid through the loss of a hydrogen atom and then through 
conjugating with itself forms diketo-adipic acid, which is easily oxidized 
into succinic and formic acid. The formic acid is oxidized into carbon 
dioxide and water. 

3. Succinic acid loses two hydrogen atoms to form fumaric acid. 

+. By the addition of water fumaric acid is converted into malic 
acid. 

5. Oxalo-acetic acid arises from the loss of two hydrogen atoms 
of the malic acid. 

6. Carbon dioxide is split off from oxalo-acetic acid; the pyruvic 
acid remains to enter the hexose and lactic acid cycle again. 

Specific enzymes and coenzymes obviously affect the reactions just 
listed. The oxidative process taking part in the chain of reactions of 
inner respiration are next discussed. 


OXIDATION 


There are various different systems of respiration acting simul- 
taneously in the lens, and the greater part of the respiration is perhaps 
due to the action of one or two systems. Although the contribution 
of the other systems may be quantitatively smaller, this system may be 
just as important physiologically. 

The probable cycles of the transformation of dextrose to lactic 
acid and carbon dioxide have been given in a series of processes involv- 
ing various substances. The factors which govern the oxidation of 
these substances in these processes are known only in a disconnected 
fragmentary manner. Dextrose is not oxidized at body temperatures 
by molecular oxygen, but in the body it is easily changed to simpler 
products. Some of the systems which oxidize dextrose and other sub- 
stances that occur in the cells are partly known. 
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One system is the cytochrome system, which consists of (1) the 
pigment cytochrome, (2) the respiratory enzyme of Warburg 
(Atmungsferment), which is an iron-pyrrole pigment acting as an 
(indophenol) oxidase, (3) molecular oxygen and (4) the substance 
acted on. The mechanism is represented by the following cycle: 


1. Reduced cytochrome + oxidase + oxygen = oxidized cyto- 
chrome. 

2. Oxidized cytochrome + substance — reduced cytochrome + 
oxidized substance. The tension of oxygen is higher in the aqueous 
than in the lens. Oxygen reaches the lens from the aqueous by the 
process of physical diffusion. 

The yellow enzyme of Warburg and Christian may be another 
oxidation system of the lens. This enzyme is composed of lactoflavine, 
phosphoric acid and protein. Lactoflavine, which is found in the lens, 
possesses the properties of vitamin G (B.). The reaction cycle of 
oxidation in which the yellow enzyme takes part may be given by the 
following equations: 


Coenzyme + water + substance — reduced coenzyme -+ oxidized 


substance. 

Reduced coenzyme + yellow enzyme — coenzyme -- reduced yellow 
enzyme. 

Reduced yellow enzyme -++ oxygen — yellow enzyme + hydrogen 
peroxide. 

Hydrogen peroxide -++ catalase — water + oxygen. 

The dehydrogenase system takes part in oxidation in another manner 
little understood. Dextrose and lactic acid, for example, are not oxidized 
by cytochrome directly but must be activated first by special enzymes 
which are known as dehydrogenases. Some of these enzymes are simple 
substances, and others form a complex system with other enzymes. 
They act either by uniting loosely with hydrogen as hydrogen acceptors 
or by activating in some manner the hydrogen of the substance acted 
on. An example of such an enzyme in the lens is succinic dehydro- 
genase. The reaction is as follows: 


Succinic acid (-++ dehydrogenase) — activated hydrogen + fumaric 
acid. 

Activated hydrogen + oxidized cytochrome — reduced cytochrome 
+- water. 

The two chief reducing substances in the lens are glutathione and 
cevitamic acid. Glutathione is a tripeptide which exists in an oxidized 
and reduced form. In the lens it is in the reduced form only. Hopkins 
believes that it accepts hydrogen from tissue substances, which are thus 
oxidized, or that it accepts hydrogen from water, and the oxygen is 
free for oxidation. The glutathione is reduced by the reaction and 





474 ARCHIVES OF OPHTHALMOLOGY 


may be oxidized again. The system probably plays only a small part 
in the total respiration, although it may represent a specialized mechanism 
of the oxidation of tissue. Apparently glutathione also aids in changing 
methylglyoxal into lactic acid. 

Cevitamic acid is another substance in the lens which exists in the 
reduced form, although it may also be alternately oxidized and reduced ; 
that is, it forms a chemically reversible system. The high reduction 
potentials of glutathione and cevitamic acid suggest that they act to 
keep the reduction potential of the lens by reducing the auto-oxidizable 
groups of the labile protoplasm and of the enzymes which must be 
deoxidized. Both substances give a reversible chemical reaction and an 
irreversible thermodynamic reaction. In the latter reaction the oxidized 
substance has no potential, and the reduction potential tends to remain 
high until all of either substance is oxidized. These two substances are 
capable of activating enzymes such as arginase and kathepsin. It is 
possible that these two substances are necessary in the protoplasm, 
because there may be many substances besides the enzymes just men- 
tioned which need be kept in a reduced state by the high reductive 
power. 

Why two types of reducing substances are required is unknown, 
although each has its peculiar kind of reactions which are not related 
to its reduction potential. At present there is no evidence that either 
cevitamic acid or glutathione is involved in oxidative reactions of inner 
respiration directly, even if they are indispensable to life. They may 
be related only to the oxidation-reduction potential. At this point it is 
interesting to note that cevitamic acid does not check the formation 
of dihydroxyphenylalanine (dopa) from tyrosine, but it does check the 
former compound from changing into the brown pigment melanin. It is 
possible, but not likely, that the amount of cevitamic acid in brown 
cataracts is in insufficient concentration to prevent oxidation of dihy- 
droxyphenylalanine into melanotic pigment, while in senile cataract 
dihydroxyphenylalanine is no longer formed. 


CARBON DIOXIDE 


The liberation of carbon dioxide derived from the oxidative processes 
concerned with lactic acid begins another series of reactions, namely : 


1. The carbon dioxide combines with water reversibly to form 
carbonic acid. 

2. The carbonic acid combines with potassium proteinate reversibly 
to form potassium hydrogen carbonate. 

3. The carbonic acid combines with dipotassium hydrogen phosphate 
reversibly to form potassium dihydrogen phosphate and potassium 
hydrogen carbonate. 
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4. The carbonic acid combines with potassium chloride reversibly to 
form hydrochloric acid and potassium hydrogen carbonate. 

These substances, except carbon dioxide, are dissociated within a 
certain degree into ions. The bicarbonate ion from the lens passes 
through the capsule into the aqueous and forms sodium bicarbonate 
from action with the sodium chloride, and the chloride of the aqueous 
goes through the capsule into the lens to form potassium chloride. 
Apparently the shift of the hydrogen, chloride and bicarbonate ions 
through the capsules gives an ionic equilibrium between the aqueous 
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The metabolic processes of the lens. 


and the lens. Lactic acid passes out as a lactate ion. The capsule in the 
living normal lens is relatively impermeable to cations. 


OTHER METABOLIC SUBSTANCES 


There are many other substances in the lens the metabolic functions 
of which are little known. There is no evidence that urea is formed in 
the lens. Urea is diffusible through membrane and as a nonelectrolyte 
is not restrained by the forms which cause irregular distribution of the 
diffusible electrolytes. As a result the urea content tends to vary with 
the water content of the tissues as fluid. Urea itself probably plays no 
part in the metabolism of the lens within the capsule. It is evidently 
formed only in the liver to be excreted by the kidney. Uric acid, 
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allantoin, inositol, citric acid, carnosine, spermine and other water- 
soluble extractives of the lens must play some important metabolic 
role, but at present hardly an opinion regarding their functions, may be 
ventured. The metabolism of the amino-acids, proteins and lipids have 
been partially discussed in other papers and need not be considered here. 

The hypothetic relationship of the various processes of the lenticular 
carbohydrate metabolism is shown in the diagram. 


SUMMARY 


The metabolism of the lens arises from a series of complex dynamic 
processes occurring simultaneously and continuously in a colloidal gel. 
The steady state of the basic metabolic equilibrium is maintained chiefly 
by two processes, (1) anaerobic glycolysis and (2) aerobic inner respi- 
ration. Three oxidative systems probably play the major part in the 
degradation of substances in the aerobic respiration. 








CIRCULATION OF THE AQUEOUS 


i] 
VI. INTRA-OCULAR GAS EXCHANGE 


JONAS S. FRIEDENWALD, M.D. 
AND 
H. F. PIERCE, M.D. Pu.D. 


BALTIMORE 


In the course of a systematic study of the modes of ingress and 
egress of the various components of the intra-ocular fluid it seemed 
desirable to include a study of the intra-ocular exchange of gases, with 
particular reference to oxygen and carbon dioxide. The previous data 
in this field aré limited to those obtained in the study of the gas content 
of the aqueous by de Haan? and in that of the permeability of the 
cornea to gases by F. P. Fischer.2, These two important studies do 
not, however, give an adequate picture of the movement of gases into 
and out of the intra-ocular fluid. 

The general plan of experiment which we have adopted consists 
in replacing a measured volume of aqueous by a bubble of gas—either 
air or nitrogen—and removing samples of the bubbles of gas at varying 
intervals in different experiments. The course of events in regard 
to the exchange of gases between the bubble and the surrounding tis- 
sues and fluid will be given in detail later, but a brief and somewhat 
schematic synopsis at this point will serve to clarify the purposes of 
our experiments. The pressure within the bubble is equal to that within 
the eye, which is, roughly, 25 mm. of mercury, plus the external atmo- 
spheric pressure, which is, roughly, 760 mm. of mercury, giving a total 
pressure of 785 mm. Almost immediately on introduction the bubble 
must be saturated with water vapor. At body temperature the vapor 
pressure of water is 46 mm. This leaves 739 mm. of mercury to be 
shared by the other gases in the bubble—oxygen, nitrogen and carbon 
dioxide—in -proportion to their relative concentration. 

Under normal conditions all the body fluids are saturated with 
nitrogen in proportion to the pressure of the nitrogen in the outside 
air, i.e., four fifths of an atmosphere, or 608 mm. of mercury. When, 
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therefore, pure nitrogen is introduced into the anterior chamber and 
brought to a pressure of 739 mm., it tends to dissolve in the aqueous 
and to diffuse from the. fluid into the surrounding tissues and blood 
vesssels. The loss of gas is, however, made good by additional aqueous, 
so that the pressure in the bubble is held constant, and solution and 
absorption of nitrogen continue. The absorption of nitrogen, how- 
ever, is very slow, and a bubble of the gas such as we have introduced 
into the anterior chamber is not completely absorbed until a lapse of 
from thirty-six to forty-eight hours, or, roughly, at a rate of 0.01 cc. 
per hour. As a result of this slow rate of absorption of nitrogen the 
volume of the bubble is hardly changed during the first few hours, 
and an opportunity is given to the other gases which are dissolved 
in the body fluids, namely, oxygen and carbon dioxide, to enter the 
bubble and establish within it partial pressures which are in equilibrium 
with the concentrations of those gases normally dissolved in the ocular 
fluid. The more rapid diffusion of these two gases is facilitated by 
the oxygen-carrying capacity of the hemoglobin of the blood and by 
the carbon dioxide-carrying capacity of the bicarbonate of the blood and 
of the fluid. Thus, if a bubble of pure nitrogen is introduced into the 
anterior chamber, oxygen and carbon dioxide soon appear in the bubble 
and tend rapidly, in the case of carbon dioxide, and somewhat more 


slowly, in the case of oxygen, to attain a certain relatively stable con- 
centration or partial pressure in the bubble. The rate at which this 
equilibrium value is approached may be calculated from the experi- 
mental data. 


When, on the other hand, a bubble of air is introduced into the 
anterior chamber, the pressure of oxygen in the bubble is at first in 
excess of this equilibrium value, and while the bubble gains in carbon 
dioxide and, no doubt, at first also to a trifling degree in nitrogen, 
it loses oxygen. The final composition of the bubble after the lapse 
of a few hours is the same, no matter whether air or nitrogen was 
originally present, and the rate at which the excess of oxygen leaves the 
bubble may be calculated from the experimental data and may be 
compared with the rate at which a deficit of oxygqn in a nitrogen 
bubble is made up. If the ocular tissues should facilitate the ingress 
of oxygen more than its egress, or vice versa, a comparison of these 
rates would reveal the degree of this difference. Finally, by covering 
the cornea with a contact glass, the exchange of gases with those of 
the outside air may be excluded, and by comparing the results of the 
experiments performed without a contact glass the role of the exchange 
of gases through the cornea under normal conditions may be evaluated. 
Similarly, by performing various operations on the eye, such as iridec- 
tomy, extraction of the lens and section of the optic nerve, the role 
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of the various intra-ocular tissues in the intra-ocular exchange of 
gases may be studied. 

All the experiments were performed on dogs without general anes- 
thesia but with the preliminary subcutaneous injection of ™% grain 
(0.02 Gm.) of morphine and the instillation of cocaine into the con- 
junctival sac. The details of the experimental procedure in regard to 
the method of withdrawing samples of gas and of transporting these 
samples to the apparatus for the analysis of gases, as well as the technic 
of the analysis of the gases, was given in previous communications.® 

When the concentration of any substance tends by diffusion to 
attain equilibrium in two adjacent regions, the rate of transfer of the 
substance from the region of higher concentration to the region of 
lower concentration is proportional, other factors being equal, to the 
difference’ in concentration in the two regions. In our experiments 
this difference would be expressed as the difference between the partial 
pressure of oxygen at any given moment in the experiment and its 
final pressure when equilibrium has been attained. Mathematically such 
a situation is expressed by a logarithmic or exponential equation. We 
have endeavored, therefore, to fit curves of this type to our experi- 
mental data. 

Figure 1 shows the results of a series of experiments illustrating 
the changes in the partial pressure of oxygen and of carbon dioxide 
with the lapse of time. Segments a and c of the curves are logarithmic 
curves of the general formula Log (P — Pg) = Log (Po — Pz) — Kt, 
in which Px is the final equilibrium partial pressure, P, is the initial 
partial pressure, t is the time and K is a measure of the velocity with 
which equilibrium is being approached. 

Several points of interest may be noted in regard to these data: 


1. The equilibrium level toward which the various components of the 
bubble of gas tend is the same, irrespective of whether the bubble 
contained initially air or nitrogen. These values for the equilibrium, 
therefore, may be taken as the actual partial pressures of the various 
components of gases in the normal aqueous. They are as follows: The 
partial pressure of oxygen is 47 mm. of mercury, and that of carbon 
dioxide is 35 mm. of mercury. These figures are in essential agree- 
ment with those found by de Haan by an entirely different procedure. 


2. When it is remembered that each point on these curves repre- 
sents the result of a different experiment, often on a different dog, 
the uniformity with which the results fit the curves is remarkable and 
makes a detailed analysis of the process permissible. In segment a 


3. Pierce, H. F.; Friedenwald, Jonas S., and Freeman, D.: Am. J. Physiol. 
104:553, 1933. Friedenwald, Jonas S., and Pierce, H. F.: Tr. Am. Ophth. Soc. 
31:143, 1933. 
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of curve II the partial pressure of oxygen tends toward a lower equi- 
librium value and approaches this value at a much more rapid rate than 
it does in segment ¢ of either curve I or curve II. Thus, in segment a 
of curve II the partial pressure of oxygen reaches half its equilibrium 
value in less than five minutes, while in segments a and ¢ of curve I 
the same proportional change requires fifty minutes. 

3. During the period of from fifty to eighty minutes after the 
injection of the bubble the curves show an abrupt rise in the partial 
pressure of oxygen and a fall in the partial pressure of carbon dioxide. 
In our preliminary report on these experiments we suggested that this 
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Fig. 1—Curves showing the partial pressure of oxygen and of carbon dioxide 
in bubbles of gas introduced into the anterior chamber. The equations of the 
curves drawn to fit the data are as follows: 


Curve I, segment a: Log (P—28) = 2.09— 0.0054t 
Curve I, segment c: Log (P—47) = 2.09 — 0.0057t 
Curve II, segment a: Log (28—P) = 1.45 — 0.058t 


The computed equilibrium pressures for segment @ are: oxygen, 28 mm., and 
carbon dioxide, 45 mm., and those for segment c are: oxygen, 47 mm., and carbon 
dioxide, 35 mm. 


disturbance might be due to the sudden secretion of oxygen into the 
intra-ocular cavity of the ciliary body. This suggestion has proved 
to be erroneous, and it is now clear that the gain in oxygen and the 
loss of carbon dioxide illustrated in segment » of the curves occur 
through the cornea, as will be shown below. 
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RETINA 


In order to discover the role of the various ocular tissues in these 
matters variations in the experimental technic were introduced. In 
one series of experiments the optic nerve was cut and allowed to atrophy 
before the measurements of the gases were made. This was found 
not to disturb the course of changes in concentration or the final equi- 
librium in any way. We must conclude, therefore, that the retina carries 
on its exchange of gases almost exclusively through its own blood 
vessels and has no influence on the gas content of the aqueous. 
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Fig 2.—Results of experiments in which the cornea was covered with a contact 


glass. 
Curve I: Log (P—47) = 2.03 — 0.0057t 
Curve II: Log (47-—-P) = 1.64 — 0.0057t 


The computed equilibrium pressures are: oxygen, 47 mm., and carbon dioxide, 
45 mm. 


CORNEA 


In a second series of experiments the animal’s cornea was covered 
with a contact glass to eliminate the possible exchange of gases with 
those of the outside air. The results of these experiments are shown 
in figure 2. It will be noted that the equilibrium level for oxygen is 
identical with that shown in figure 1, while the equilibrium level for 
carbon dioxide is slightly higher when exchange through the cornea 
is excluded. It is evident that at normal intra-ocular gas pressures no 
appreciable amount of oxygen penetrates into the anterior chamber 
from the outside air but that, on the other hand, some carbon dioxide 
is lost through the cornea. Fischer has shown that the cornea does, 
in fact, take up oxygen from the outside air and discharge carbon 
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dioxide, but it is not clear from his experiments whether the oxygen 
absorbed is consumed by the cornea or penetrates all the way through, 
or whether the carbon dioxide is a result of corneal metabolism or 
is derived from the aqueous. 


The most striking difference between the curves of figures 1 and 2 
is the absence in figure 2 of the abrupt initial rise shown in segment a 
of curve II in figure 1 and the absence of the gain in oxygen and 
the loss of carbon dioxide which characterize segment b of the curves 
in figure 1. It is clear that all these features are due to an exchange 
of gases between the anterior chamber and the outside air under the 
conditions of the experiments. We have no data which will explain 
why the permeability of the cornea to gases changes abruptly about 
fifty minutes after the beginning of the experiments in the first series. 
Among the possible explanations which suggest themselves are changes 
in the cornea resulting from the trauma due to the introduction of 
the bubble of gas or resulting from the instillation of cocaine. 


IRIS 


With the exchange of gases through the cornea eliminated by the 
contact glass, the chief tissue with which the bubble of gas in the 
anterior chamber can exchange is the iris. The coefficients of diffusion 
of oxygen computed from curves I and II of figure 2 are identical. 
There is, therefore, no irreciprocity in the permeability of the vessels 
of the iris to oxygen. This finding is of some general physiologic 
significance. It has been supposed by some writers that oxygen passes 
out of the capillaries into the surrounding tissues more readily than 
in the reverse direction. No direct evidence to support or refute this 
contention has heretofore been discovered. It is clear that the capillaries 
of the iris, at least, show no such irreciprocity. 


POSTERIOR CHAMBER 


In order to apply the same technic to the study of the gas content 
in the posterior chamber, iridectomy was performed on one eye of each 
of a group of dogs, and after recovery from this operation experiments 
similar to those just described were performed with a contact glass 
covering the cornea. The results of these experiments are seen in 
figure 3. The essential difference between the curves of figure 2 and 
those of figure 3 is that when the bubble was in contact with the 
posterior chamber the equilibrium level for oxygen was higher than 
when the bubble was confined to the anterior chamber. This conclusion 
suggests the possibility that the lens may consume some oxygen from 
the aqueous as it passes from the posterior chamber to the anterior 
chamber. The rate of approach toward equilibrium is the same, irre- 
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spective of whether the bubble has in the beginning an oxygen content 
above or below the equilibrium level. We conclude that the ciliary 
processes, like the iris, show no irreciprocity to the diffusion of oxygen. 
The carbon dioxide tension in the posterior chamber is also slightly 
higher than that in the anterior chamber. 


LENS 


In order to estimate the possible oxygen consumption of the lens, 
the experiments of the last series were repeated on animals who had 
had their lenses removed. Great difficulties were encountered in per- 
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Fig. 5.—Results of experiments performed after iridectomy, the cornea being 
covered with a contact glass. 


Curve I: Log (P—60) = 1.92 —- 0.0060t 
Curve II: Log (60—P) = 1.77 — 0.0060t 


The dotted lines represent the control eyes on which iridectomy was not per- 
formed but on which a contact glass was used; the data from which the curves 
for these controls are derived are included in figure 2. The computed equilibrium 
pressures after iridectomy are: oxygen, 60 mm., and carbon dioxide, 52 mm. 


forming these experiments, for it was found that either a slight cyclitic 
membrane formed in the dog’s eye after removal of the lens, which 
prevented the bubble from coming in contact with the ciliary processes, 
or, if this was absent, the bubble tended to slip up into the upper por- 
tion of the vitreous and could not be recovered for analysis. The best 
results in this type of experiment, however, indicated that the partial 
pressure of oxygen in the posterior chamber when the lens was absent 
was from 80 to 90 mm. of mercury and was definitely higher than 
when the lens was present. Thus it is evident that the lens consumes 
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a small but appreciable quantity of oxygen brought to it by the aqueous, 
which may be estimated as from 0.2 to 0.5 cu. mm. per minute.‘ 


COMMENT 


The result of our experiments indicates, then, that the partial pres- 
sure of oxygen in the posterior chamber is near to that of arterial 
blood, while the partial pressure in the anterior chamber is near to 
that of venous blood. In the absence of any oxygen-carrying material, 
such as hemoglobin, the amount of oxygen dissolved in the intra-ocular 
fluid under these pressures is very small but suffices, in virtue of rapid 
diffusion from the ciliary body, to supply the scanty needs of the 
lens. For a deeper understanding of the interesting respiratory func- 
tion of the aqueous which these experiments indicate one must await 
a more detailed knowledge of the respiratory metabolism of the lens 
and of the permeability of the blood-aqueous barrier in the ciliary body. 


Our results confirm the findings of Fischer so far as they indicate 
that a certain amount of carbon dioxide normally escapes from the 
aqueous via the cornea. Fischer has found that if the escape of carbon 
dioxide is interfered with the eye becomes irritated and the corneal 
endothelium becomes swollen. It has occurred to us that such changes 
may be responsible for the intolerance of some eyes for contact glasses. 
In two such cases we have found that the substitution of an isotonic 
solution of sodium borate for sodium chloride in the. fluid led to a 
substantial increase in the length of time which the contact glass could 
be worn. It is possible that the buffering capacity of the sodium borate 


4. The rate of oxygen consumption of the dog’s lens can be estimated from 
these experiments in the following way: The equilibrium pressure of the bubble 
in the aphakic eye on which iridectomy has been performed is from 80 to 90 mm. 
of mercury. Referring to figure 3, it is found that the slope of curve I at an 
oxygen pressure of this magnitude is such that oxygen is disappearing from the 
bubble at a rate of from 3 to 4 per cent per hour. Since the volume of the bubble 
is 400 cu. mm., this represents a rate of absorption of from 12 to 16 cu. mm. per 
hour, or of from 0.2 to 0.27 cu. mm. per minute. If oxygen had been added to 
the bubble at this rate in the experiments the data for which are shown in figure 3, 
the equilibrium level would have been raised to that which was found in aphakia. 
Therefore, this figure can be taken as the oxygen consumption of the lens. 

This estimate is, however, valid only as a minimum, for in the experiments on 
aphakic eyes, as in the other experiments, the bubble was in contact with the iris 
as well as with the posterior chamber, and the true oxygen pressure in the posterior 
chamber may have been higher than that found. It could not, however, be higher 
than the oxygen pressure in arterial blood, for there is no irreciprocal permeability 
of the ciliary body to oxygen. The oxygen pressure of arterial blood is usually 
estimated at 100 mm. of mercury, with 120 mm. of mercury as the upper limit. 
Assuming that the true oxygen pressure in the posterior chamber is equal to this 
extreme figure for arterial blood, one finds as an upper limit for the oxygen con- 
sumption of the lens 0.5 cu. mm. per minute. 
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enabled the solution to absorb enough carbon dioxide from the cornea 
to keep the intra-ocular carbon dioxide tension within normal limits 
for a longer period than was the case with sodium chloride under the 
contact glass. 

We have found also that the permeability of the cornea to gases 
is subject to marked fluctuations under the conditions of our experi- 
ments. It would be interesting to know whether these changes are 
paralleled by fluctuations in permeability to other substances and whether 
the permeability of the cornea can be controlled pharmacologically. 
Unfortunately, these questions lie outside of the field of the present 
investigation. 


CONCLUSIONS 


The partial pressure of oxygen in the anterior chamber is from 
40 to 50 mm. of mercury, being slightly above that of venous blood. 
The partial pressure of carbon dioxide is less stable than that of oxygen 
and varies from 25 to 45 mm. of mercury. 

The partial pressure of oxygen in the posterior chamber is sub- 
stantially higher than in the anterior chamber. 

This difference is due at least in part to the oxygen consumption 
of the lens, which is estimated to be from 0.2 to 0.5 cu. mm. per minute. 
The aqueous has, therefore, a definite respiratory function in supplying 
oxygen for the consumption of the lens. 

The gas content of the anterior ocular fluid is not influenced by 
the metabolism of the retina. 

There is no irreciprocal permeability of the iris or the ciliary body 
to oxygen. 

A small amount of carbon dioxide normally escapes from the ante- 
rior chamber via the cornea, but at normal intra-ocular gas pressures 
no appreciable amount of oxygen enters the anterior chamber from 
the outside air via the cornea. However, when the oxygen pressure 
in the aqueous falls far below normal or when the permeability of 
the cornea is increased, an appreciable amount of oxygen may enter 
via the cornea. 





THE EYE IN EPILEPSY 


LEO L. MAYER, M.D. 
CHICAGO 


This report may be divided into two parts: first, a consideration 
of the examination of the eyes of each patient with epilepsy and the 
relation of the findings to the entire problem, with specific statistical 
evaluation, and, second, a critique of certain predominating symptoms 


affecting the eye in epilepsy, with a résumé and evaluation of their 
importance. 


As in the work described in the preliminary report,’ each patient 
was subjected to a series of standardized ocular examinations. Because 
the nature of certain of the tests and their dependence on the sub- 
jective response of the patient, when cooperation was poor the results 
might be inaccurate; this will be indicated later in this paper. The 
following data were determined for each of the 96 patients: 


. Visual acuity of each eye, with and without correction 
. Balance of the extra-ocular muscles 
. Width of each palpebral fissure 
4. Size and form of each pupil in ordinary daylight illumination 
. Reactions of the pupil 
(a) Direct to light 
(b) Consensual to light 
(c) In accommedation and convergence 
(d) With the lid closure reflex 
. Measurements with the exophthalmometer 
. Measurements with the dynamometer 
. The ordinary visual field for a 2 mm. test object at a distance of 165 mm. 
. The field for a 2 mm. test object at a distance of 165 mm. as delineated by 
the use of a flash of light as a test target 
. Ophthalmoscopic findings 
(@) Media 
(b) Disk 
(c) Arteries and arterioles 
(d) Veins 


This study was aided by a grant from the Minnie Frances Kleman Memorial 
Fund. 


From the Department of Nervous and Mental Diseases, Northwestern Uni- 
versity Medical School. 

1. Report on the Assistance of Indigent Patients Suffering with Epilepsy, Ann 
Arbor, Mich., Edwards Brothers, Inc., 1936, p. 57. 

2. Mayer, L. L.: Light Stimuli of Minimal Measured Duration as a Means 
of Perimetry, Arch. Ophth. 14:541 (Oct.) 1935. 
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(e) Retina 
(f) Choroid 
(g) Macula 
(h) Refraction 


11. Diagnosis of the ocular status 


These tests were all made during an interval between attacks, as 
it was not considered a part of this study to examine the eyes during 
the attack, a consideration that will be commented on later in the 
report. 


DIAGNOSIS OF THE OCULAR STATUS 


For each patient with epilepsy a diagnosis of the existing condi- 
tions of the eyes was made in consideration of all the aforementioned 
examinations. 


Of the entire group of 96 patients, 44 had normal vision with each 
eye; 23 of these had the functional type of epilepsy and 21 the organic 
tvpe. Defective vision was found in both eyes of 41 patients; 23 of 
these had the functional type of epilepsy and 18 were classified as 
having the organic type. Normal vision in one eye only was found 
in 11 patients; 4 of these had the functional type of epilepsy and 7 
the organic type. It was of interest to record exactly to what the 
visual difficulties were due. Farsightedness (hyperopia) was found in 
20, nearsightedness (myopia) in 12, astigmatism alone in 2, amblyopia 
ex anopsia in 4, atrophy of the optic nerve in 4, choked disk in 1, squint 
in 5, nystagmus in 2, a previous corneal ulcer in 1 and an old injury 
of the retina in 1. Of the 41 patients with less than normal vision, 
only 16 were wearing glasses at the time of examination. In each case 
steps were taken to correct the defect, by refraction, elimination of 
disease or operative measures. Of the 16 patients wearing glasses, only 
7 had normal vision with their correction; thus it was necessary that 
methods for bringing the visual acuity of the other 9 patients to normal 
should be instituted. 

The extra-ocular musculature has a variable balance in normal per- 
sons. Tests were made to determine whether the balance of the extra- 
ocular musculature of the group of epileptic patients deviated materially 
from the normal variance. In the tests previously described this group 
of 96 epileptic patients showed no marked or characteristic findings. 
Muscular defects were found in 9 patients, 5 of whom had the func- 
tional type of epilepsy and 4 the organic type. There were 6 cases 
of squint with no binocular single vision, and efforts at fusion were 
unsuccessful. Nystagmus was found in 2 patients.’ One patient could 
not obtain parallel control of the two eyes because of a previous ulcer 
of the cornea which diminished visual acuity. 
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The width of the palpebral fissures has not up to the present time 
been a subject for study in any group of persons, although it has been 
stated that the average width is from 11 to 15 mm. In the group oi 
patients with epilepsy the average for the right eye was 10.2 mm. 
and for the left eye 9.6 mm. Many factors play a part in this measure- 
ment, the majority of which were standardized so far as possible in 
the group of patients with epilepsy. The only conclusion to be drawn 
is that the width of the palpebral fissures in this group as measured 
by the standards employed is decidedly less than that quoted in the 
literature.® 

In only 3 patients were abnormalities of the pupils recorded. C. V.’s 
right pupil was sluggish in all its reactions, owing to proliferative 
retinitis of long standing. T. N. failed to have a direct reaction to 
light in the right pupil and a consensual reaction to light in the left 
pupil. The lid closure reflex was plainly demonstrable in the right 
eye only. This was due to atrophy of the right optic nerve, with failure 
of perception of light in the right retina. G. E. had sluggish reactions 
of the pupils to all stimuli, but the lid closure reflex was not noted. 
No cause for this was determined, and the supposition is that the defect 
may be congenital. The absence of the Argyll Robertson pupil, which 
is notably diagnostic for syphilis, is noteworthy in these patients with 
epilepsy. The pupil of the left eve of the patient with an old ulcer 
of the cornea was markedly distorted in shape because of the inclusion 
of the iris in the disease process, but the reactions were adequate. 

The exophthalmometer readings were well within the averages found 
for a group of normal persons. Those for the right eye varied between 
the extremes of 16 and 28 mm., while those for the left varied between 
17 and 28 mm. Both, however, averaged 22.33 mm. In no case was 
there a difference of more than 1.5 mm. between the readings for the 
two eyes of a patient. The only possible conclusion to be drawn from 
these measurements is that their average is nearer the lower limits of 
the usual variables, which goes hand in hand with the results of the 
measurements of the width of the palpebral fissures. 

As has been explained previously, the readings of the pressure of 
the intra-ocular vessels, while attempted in many of these epileptic 
patients, did not give satisfactory results for recording. 

Tubular fields were found in 14 patients. In addition, spiral fields 
were found in 1 patient; and bizarre fields, which my associates and I 
were unable to classify, were noted in another patient. Tubular fields 
were found in 8 patients with the organic type of epilepsy and in 6 
of those with the functional type. The spiral field occurred in a patient 


3. Adler, F. H.: Clinical Physiology of the Eye, New York, The Macmillan 
Company, 1933, p. 3. 





MAYER—THE EYE IN EPILEPSY 489 


whose condition was diagnosed as the organic type of epilepsy, while 
the bizarre field was demonstrated in a patient with the functional type. 
These results agree with the findings of other authors. Gowers * 
expressed the belief that such conditions may be due to “general exhaus- 
tion of the brain, manifested in a function in which it can be readily 
ascertained.” Weber and Runge® agreed with other authorities that 
concentric contractions of the visual fields are often found in epileptic 
patients. 

With the new method of delineating the field of vision with flashes 
of light ? no contraction of the field was found in any of these epileptic 
patients. This reaffirms my contention that the determination of the 
field by the flash method is more critical than ordinary studies of the 
field in differentiating interference with the optic pathways as the result 
of organic disease from that due to other causes. 


Examination of the ocular fundi showed no consistent change in 
either group characteristic of the epileptic patient. Three patients had 
atrophy of the optic nerve. In 2 this condition was bilateral. All these 
patients were classified in the group having the organic type of epilepsy. 
In each case the atrophy was of a different type: In 1 it was secondary 
to vascular changes in the retina; in 1 it was the simple type, and in 
the third it was a bilateral juvenile type, which goes hand in hand with 
other congenital disease of the nervous system. Arteriosclerosis of the 
retinal vessels was marked in 4 cases, 3 of the patients being of the 
group with the organic type of epilepsy and 1 being of the group with 
the functional type. Old chorioretinitis of the macular area was found 
in 2 of the patients with the functional type of epilepsy. Old pro- 
liferative retinitis due to an injury caused by a baseball was found 
in a patient with the organic type of epilepsy. Bilateral choked disk 
was noted in only 1 patient in this series. Subsequent surgical pro- 
cedure revealed a tumor of the brain, which was removed. 


Some previous work by other authors is worthy of note, although 
the literature on the subject is meager. Rodiet, Pansier and Cans ® 
found “permanent disturbances to be pallor of the optic disks and 
retina; passive venous congestion of the fundus with pale disks; often 
intense blackish pigmentation of the choroid and retina. They also 
found optic neuritis and advanced gray atrophy in cases where the 


4. Gowers, W. R.: Epilepsy, London, J. & A. Churchill, Ltd. 1901, pp. 74, 
75, 108 and 128. 

5. Weber, L. W., and Runge, W., in Schieck, F., and Briickner, A.: Kurzes 
Handbuch der Ophthalmologie, Berlin, Julius Springer, 1931, vol. 4, p. 819. 

6. Rodier, Pansier and Cans, quoted by Costeff, H. A.: Study of the Eye 
Findings in a Group of Epileptics with Reference to the Mechanical Theory of 
Epilepsy, Am. J. Psychiat. 11:747, 1932. 
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epilepsy was of long duration.” In 1919 Penichet* reported on 41 
cases. Many changes were discovered. Eighteen of Penichet’s patients 
had pupillary disturbances, but in only 9 of the 41 was hyperemia ot 
the disks found following the seizures. Costeff* in 50 per cent of 114 
patients examined found patholegic changes in the fundus. Thirty-two 
patients had passive hyperemia of the disks. Seventeen patients had 
atrophy of the optic nerve. No conclusions are drawn by Costeff from 
his study, which was intended to determine whether increased intra- 
spinal pressure might reflect itself in the eyes of epileptic patients. 
No studies were made with the dynamometer by this author. On the 
other hand, in a thorough study of a group of patients with mental 
disease, which included 60 epileptic patients, Kaminskaja-Pawlowa and 
Goldbladt ® were unable to find any changes in the fundi which were 
characteristic of the disease or in variance with the changes in the 
fundi of average normal patients. In agreement was the work of 
Schoen and Thorey.’® In their well known textbook Posey and Spil- 
ler ‘1 have laid down the dictum that “epilepsy in itself does not cause 
permanent changes in the fundus.” 


As far as our series of epileptic patients is concerned, the ocular 
conditions which were found and previously mentioned were for the 
most part incidental to the disease epilepsy. In addition, 1 patient 


(J. A.) was found to be red-green color blind. As a corollary to the 
actual measurements already given, I wish to discuss other phases ot 
convulsive seizures in which there is an ocular relationship. 


Gowers * made the following statements concerning excitants of 
attacks : 


In some patients attacks may be excited by special influences. . . . In very 
rare instances the influence of light seems to excite a fit. I have met with two 
examples of this. One was a girl of seventeen, whose first attack occurred on 
going into bright sunshine, for the first time, after an attack of typhoid fever. 

At any time an attack could be induced by going out suddenly into the 
bright sunshine. If there was no sunshine an attack did not occur. The other 
case was that of a man, the warning of whose fits was the appearance before the 
eyes of “bright blue lights, like stars—-always the same.” The warning and 1 


7. Penichet, J. M.: Ocular Complications of Peripheral Epilepsy, Am. J. 
Ophth. 2:594, 1919. 

8. Costeff, H. A.: Study of the Eye Findings in a Group of Epileptics with 
Reference to the Mechanical Theory of Epilepsy, Am. J. Psychiat. 11:747, 1932. 

9. Kaminskaja-Pawlowa, S., and Goldbladt, H.: Augenbefunde bei Geistes- 
kranken und Epileptikern, Allg. Ztschr. f. Psychiat. 89:62, 1928. 

10. Schoen, W., and Thorey, M.: Auge und Epilepsie, Arch. f. Psychiat 
39:1144, 1904. 


11. Posey, W. C., and Spiller, W. G.: The Eye and the Nervous System 
Philadelphia, J. B. Lippincott Company, 1906, p. 737. 
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fit could be at any time brought on by looking at a bright light, or even at bright 
fire. The relation is in this case intelligible, since the discharge apparently 
commenced in the visceral centre. 


In the series discussed in this paper there were no patients in whom 
attacks were excited by light, although such patients have been seen 
in the clinic. 


Visual auras as prodromata or warnings of the attack are frequent 
and are mentioned in all discussions of the aurae in epilepsy. Hughlings 
Jackson ** stated : 


In the study of epilepsy, it is as important to note that colored vision is a 
constant precursor of some seizures as that spasm of the hand is of others. 
One general remark may be made, viz., that development of sight-sensations are 
more frequently precursors of epileptic attacks than any other special sense warn- 
ing, except touch. 


Gowers * found special sense warnings in 274 cases, which were 
visual in two-thirds (175 cases). He divided the visual warnings into 
five classes: (1) a sensation in the eyeball itself, (2) diplopia, (3) an 
apparent increase or diminution in the size of objects, (4) loss of 
sight and (5) distinct visual sensations. That such an aura may be 
directly related to organic lesions of the brain is demonstrated by a 
case reported by Hughlings Jackson: 


A patient, whom I still frequently see, consulted me in 1862, because he had 
had a fit which began in his left cheek. At the same time his eyes “became dim 
and sparkled.” He became insensible. After this visit he ceased to attend, but 
some months after I sought him out, and then found that he was blind of the left 
eye, and partially of the right, from the effects of optic neuritis. He had left hemi- 
plegia also. He subsequently had seizures in which spasms attacked the face or 
hand on the left, and in which he had “sparkling” before his eyes. So we see 
that temporary loss or disorder of vision may precede optic neuritis, may occur 
with optic neuritis before sight is affected, or may occur when the optic neuritis 
has much damaged sight. 


In the series of 96 cases discussed in this paper visual auras were 
reported in 21. They consisted of “blurred vision”; “half vision” ; 
“seeing flashes or dots of light”; “seeing definite objects, such as a 
book and a cigar”; “double vision” ; “things seem black” ; “light passing 


? 


across the eyes in a definite direction,” and complete blindness. The 
majority of these are undoubtedly of central origin. In some cases 
auras such as diplopia and oculogyric movements were found. 

No observations of the pupillary reactions during attacks were 
attempted as a part of this study. At times, however, patients were 
seen during attacks, and it was observed that in the beginning of the 
attack the pupils were narrowed, but during the height of the attack 


12. Jackson, H., in Taylor, J.; Holmes, Gordon and Walshe, F. M. R.: 
Selected Writings of John Hughlings Jackson, London, Hodder & Stoughton, 
ltd., 1932, vol. 2, pp. 257 and 313. 
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the pupils were widely dilated and did not respond with the light 
reflex. Rodiet, Pansier and Cans ** spoke of the difficulty of examining 
the pupils during the attacks in their 50 epileptic patients. They found 
a tonic phase, in which the pupil was unchanged or contracted, and a 
clonic stage, in which mydriasis was at the maximum. Feéré ** devoted 
much space to the discussion of the pupillary reaction in the attack. His 
conclusion that the reaction is directly dependent on the severity of 
the seizure is similar to that of Buchbinder.’® 

In the ophthalmic textbooks and literature for the past fifty years 
the relation of the eye to epilepsy is frequently alluded to, almost 
entirely from the standpoint of so-called reflex epilepsy. It was felt 
by many ophthalmologists, notably Stevens of New York, that high 
degrees of refractive error or anomalies of extra-ocular muscles caused 
convulsive seizures. This is noteworthy in the text of Posey and 
Spiller.11| Morgan '* reported cases of such a condition. Today it is 
known that there is no direct relation between errors of refraction 
and epilepsy. 


13. Rodiet, Pansier and Cans: Les manifestations oculaires de l’épilepsie, Ann. 
d’ocul. 140:241, 1908. 

14. Féré, C.: Les epilepsies et les epileptiques, Paris, F. Alcan, 1890, pp. 89, 
178, 391, 417 and 473. 

15. Buchbinder: Pupillenreactionen im epileptischen Krampfanfall, Med. Klin. 
6:819, 1910. 

16. Morgan, J. A.: Epilepsy in Its Relation to Ocular Strain, Am. J. Ophth. 
8:959, 1925. 





BOECK’S SARCOID OF THE EYELID WITH 
COEXISTING DARIER-ROUSSY’S SARCOID 


REPORT OF A CASE, WITH A REVIEW OF THE LITERATURE 


H. C. ERNSTING, M.D. 
SPRINGFIELD, OHIO 


Sarcoid, as it is now known, was first described by Boeck! in 1899. 
Previous to that time the term sarcoid was proposed by Kaposi for 
cutaneous lesions of varied etiology and character. Among the cutaneous 
lesions then classed as sarcoid were mycosis fungoides, lymphoderma 
and sarcoma. Historically,? the names of a number of early eminent 
investigators were associated with this condition. Among those espe- 
cially prominent were Hutchinson, Besnier, Tenneson and Boeck. 

Darier and Roussy * in 1904 described a subcutaneous type of sarcoid. 
Darier in 1910 classified sarcoid into four distinct types: (1) Boeck’s 
multiple benign lupoid, (2) Darier and Roussy’s subcutaneous sarcoid, 
(3) erythema induratum-like sarcoid and (4) Spiegler-Fendt’s sarcoid. 

An extensive review of the literature reveals that numerous cases of 
sarcoid have been reported, but cases of two different types of sarcoid 
coexisting in the same person, although reported, are extremely rare. 
Furthermore, only relatively few cases have been reported in which the 
ocular structures were implicated. 


REPORT OF CASE 


History.—Mrs. B. M., aged 22, born in the United States of Polish parents, 
was first seen in the outpatient department of the Cleveland City Hospital on 
Jan. 14, 1936, and was admitted to the hospital a few days later. Six weeks 
previously the patient had noted a small growth in the outer half of the right upper 
eyelid. This had progressively increased in size but caused no discomfort. It 
was located at the site of an old scar which had resulted from a laceration that 
the patient had received when she fell from a horse about fifteen years before. 


Read before the Cleveland Ophthalmological Club, Nov. 10, 1936. 

From the service of Drs. W. E. Bruner, P. G. Moore, G. L. Miller and 
B. J. Wolpaw. 

From the Department of Ophthalmology of the Western Reserve University 
School of Medicine and the Cleveland City Hospital. 

1. Boeck: Multiple Benign Sarcoid of the Skin, J. Cutan. Dis. 17:543, 1899. 

2. Hunter, F. T.: Boeck’s Disease (Generalized Sarcoidosis), New England 
J. Med. 214:346 (Feb. 20) 1936. 

3. Darier, J., and Roussy, G.: Un cas de tumeurs bénignes multiples (sar- 
coides sous-cutanées ou tuberculides nodulares hypodermiques ), (Ann. de dermat. 
et syph. 5:144, 1904. J 
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At that time the laceration was sutured and had healed without complications. At 
the time of onset of the growth in the lid the patient also noted reddening of the 
scar and proliferation of the scar tissue. There was no history of fracture of the 
skull. Nio visual disturbances existed. The patient had always been in perfect 
health, and there were no other complaints. There was no family history of 
tuberculosis, syphilis, carcinoma, diabetes or any other disease. 

The patient had been married seven years; she had two children, who were 
living and well, and had had no miscarriages. 


Physical Examination.—The physical examination gave negative results except 
for the growth in the right upper eyelid and erythematous cutaneous lesions 
on the anterior surfaces of the lower part of the legs. 

The growth was situated in the outer half of the right upper eyelid immediately 
beneath and apparently connected with the old proliferative scar. The growth was 
flattened, slightly nodular, measured about 2.5 cm. in length and 4 mm. in thick- 
ness, apparently ran upward and inward beneath the orbital margin, with which 
it seemed to be deeply attached, and had a firm fibrous or cartilaginous feel. It 
was not tender or painful. The scar showed hyperkeratosis and had a violaceous 
or bluish red color which faded into the adjacent normal skin. 

The supra-orbital ridge was prominent at the outer margin, and at the supra- 
orbital foramen could be felt a depression which continued downward and 
backward into the orbit and which represented the site of an old fracture. 

The eye and its associated structures were normal. No abnormality of the 
left eye or the left ocular structures was found. 

An eruption of inflammatory character showing changes in color simulating 
those of an early bruise, nonpainful and only slightly tender, was noted on the 
anterior surfaces of the lower part of the legs. These lesions were warm to 
the touch. Some were deep seated and nodular, and none was found above the 
knees. They had been present only two weeks prior to admission and closely 
resembled erythema nodosum. No previous condition of this character had ever 
been noted. 

The dermatologists were invited to see the patient and made a tentative diagnosis 
of sarcoid. A specimen of the most characteristic lesions was obtained for biopsy 
and is described in a later section of this paper. 


Course-—The course in the hospital was uneventful. The temperature, the 
pulse rate and the respiration rate were constantly within normal limits. Within 
cne week the lesions on the legs began to show a slight scaling. 


Laboratory Examination.—Urinalysis, chemical examination of the blood and 
a blood count showed nothing abnormal. The Wassermann and Kline tests 
were negative. Testing by the intradermal injection of tuberculin in dilutions of 
1: 1,000,000, 1: 100,000, 1: 10,000, 1: 1,000, 1: 100 and 1:10 gave negative results. 
The reaction to the modified Westergen sedimentation test was within normal 
limits, being 0-12-26-26-65; while the Schilling blood count was: eosinophils, 2; 
juvenile cells, 2; rod cells and S-shaped cells, 7; lymphocytes, 28, and segmented 
cells, 60. The count was essentially normal. 


Roentgen Examination.—Roentgenograms of the long bones showed no evidence 
of any pathologic process, but those of the skull revealed an old healed fracture 
involving the right orbit. 

A postero-anterior view of the chest revealed a circumscribed shadow of 
increased density about 4 cm. in diameter in the left hilar region, which represented 
a large node or group of nodes. There was an area of fine nodular mottling in 
the lateral portion of the left subapical region, representing parenchymal infiltration. 
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There was a marked increase in the density of the markings of the lung. throughout 
both pulmonary fields. The interlobar septum between the upper and middle lobe 
of the right lung was thickened. The enlargement of the hilar lymph nodes and 
the parenchymal infiltration were considered by the roentgenologist to be consistent 
with the clinical diagnosis of sarcoid. 

Report of Pathologic Examination.—The report by Dr. H. S. Reichle, pathol- 
ogist of the Cleveland City Hospital, is as follows: 

“The specimen [fig. 2] taken from the eyelid on Jan. 31, 1936, consists of three 
firm masses of pale, grayish brown tissue measuring approximately 1.5 cm. in 
length and 0.4 cm. in cross-section. The tissue is slightly nodular. The specimen 
was stained by the routine hematoxylin and eosin method. Microscopically, the 
tissue is seen to be composed of a very thin layer of epithelium. The epithlial 
papillae are almost absent; there are edema of the malpighian layer and slight 








Fig. 1—Postero-anterior view of the chest, showing a circumscribed shadow of 
increased density in the left hilar region, which represents a large node or group 
of nodes. There is associated parenchymal infiltration. This and the following 
figures are from the department of roentgenology of the Cleveland City Hospital. 


infiltration of the epithelium by inflammatory exudate. The main lesions are 
in the cutis and are separated from the epithelium at most points by a thin but 
definite layer of dense collagenous connective tissue. The pathologic process con- 
sists of many nodular lesions, which are all approximately the same size and which 
are suspended in a larger aggregation from the epithelium. The remains of a hair 
follicle and a few sebaceous glands are seen in the conglomerate mass. The 
individual members of this conglomeration are roughly circular and consist of 
endothelial cells, small round cells (probably lymphocytes), fibroblasts and giant 
cells of the typical Langhans type. The latter are fairly numerous. There is a 
moderately plentiful reticulum, which is loosely and concentrically arranged about 
the individual lesion. A denser wall of connective tissue separates the lesions from 
one another. In a few places, neighboring lesions become confluent. The blood 
vessels show no change, and there is no perivascular infiltration or endothelial 
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hyperplasia. Another section demonstrates that the lesions do not penetrate the 
musculature. There is, however, some infiltration by round cells between the 
muscle fibers, No tubercle bacilli could be demonstrated in any of the sections. 
The sections, therefore, present the characteristic picture of the condition described 
in the literature as Boeck’s lupoid.” 

The specimen (fig. 3) taken from the lower part of the leg on February 4 
“consists of a crescentic piece of skin measuring 1.5 cm. by 0.5 cm. Subcutaneous 
and adipose tissue are included. Microscopically, the examination shows skin the 
epithelium of which is hyperkeratotic. The malpighian layer shows edema and 
infiltration of round cells. Hair follicles and sweat glands are seen in section and 
show no abnormalities. The lesions lie much deeper than in the previous section. 
Nothing but a sparse infiltration by small round cells is seen in the cutis. The 











Fig. 2.—Photomicrograph showing section of Boeck’s sarcoid removed from 
the eyelid in January 1936; 24 diameters. 


main lesions are in the subcutaneous fat. In the midst of the fat tissue and in this 
particular section, in close proximity to an artery, is an irregular mass of rather 
dense hyalinized connective tissue in which there are tubercular structures con- 
sisting of endothelial cells, small round cells (probably lymphocytes), a very few 
polymorphonuclear leukocytes, fibroblasts and giant cells of the typical Langhans 
structure. The individual lesion is not as sharply circumscribed as in the previous 
specimen, and the cellular infiltration is more diffuse. Dense collagenous connec- 
tive tissue is seen penetrating into the tubercular structure and disrupting it. 
Lesions also appear on the borders of the lesion as if penetrating the surrounding 
fat. These sections present findings consistent with the condition described in 
the literature as Darier-Roussy’s sarcoid.” 


Treatment and Subsequent Course.—Six days after admission to the hospital 
treatment with solution of potassium arsenite and roentgen therapy of the chest 
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were started, and the patient was transferred to the outpatient department for 
further observation. 

The roentgen therapy as carried out by the department of roentgenology is 
described by Dr. Harry Hauser as follows: 

“High voltage roentgen therapy was applied to the upper part of the left side 
of the chest anteriorly over the enlarged lymph node observed roentgenographically. 
The factors were 200 kilovolts, 20 milliamperes and a filter of 0.75 mm. of copper 
and 1 mm. of aluminum. The target skin-distance was 60 cm., and the field was 
a circular one 7 cm. in diameter. Two hundred roentgens were given on the 
following dates: February 18, February 28, March 9, March 18 and April 13. 
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Fig. 3—Photomicrograph showing section of Darier-Roussy’s sarcoid removed 
from the lower part of the leg in February 1936; 100 diameters. 


“On March 30 a postero-anterior view of the chest showed a definite decrease 
in the size of the nodule in the left hilar region. The margins were indistinct and 
measured approximately 3 cm. in diameter. 

“Similar views of the chest taken on April 23 and June 18 showed a further 
decrease in the size and density of the hilar shadows. The hilar shadows were 
within or only slightly beyond the limits of normal in appearance. The last roent- 
genogram of the chest, taken on September 1, showed the hili to be of normal 
appearance. The pylmonary fields were clear.” 

The rapidity of the clearing (three months) would lead one to believe that 
roentgen therapy probably had a definite influence on the course of the lesions 
of the chest. 
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The clinical course as observed in the outpatient department was uneventful. In 
a period of six weeks the lesions on the legs had disappeared, and in the course of 
eight months’ time there was no recurrence of the lesions on either the eyelids or 
the legs. The patient had no complaints and was apparently in the best of health. 
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Fig. 4—A, postero-anterior view of the chest taken after the use of high 
voltage roentgen therapy. B, postero-anterior view of the chest showing the hilar 
shadows practically within the limits of normal. C, postero-anterior view of the 
chest showing normal appearance of the hili. The pulmonary fields are clear. 


REVIEW OF THE LITERATURE 
According to Ormsby,‘ sarcoid is “a disorder characterized by the 
formation of plaques, both cutaneous and subcutaneous, having a benign 


4. Ormsby, O. S.: A Practical Treatise on Diseases of the Skin, Philadelphia, 
Lea & Febiger, 1927, p. 773. 
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course, and terminating after resolution of the lesions in atrophic scar- 
like areas.” 

The four types of sarcoid originally described by Darier in 1910 
have received much comment, and I believe the general consensus at 
present is that types 3 and 4 are not true sarcoid. 

The type originally described by Boeck appears as papules, infil- 
trating plaques and nodules. The nodules are firm, may be few or 
many, round or irregular in shape and red or purplish. The plaques 
resemble the nodules and involve the entire thickness of the skin. The 
lesions are usually seen on the face, shoulders and extensor surfaces 
of the arms. The regional lymph glands are rarely involved, and 
ulceration and exudation never occur. 

Microscopically, this type shows deeply situated nodules separated 
from each other by connective tissue. Round and epithelioid cells pre- 
dominate ; early mast cells and an occasional leukocyte may be present, 
and occasionally true giant cells are seen. The entire corium shows 
proliferation of connective tissue. The nodules eventually undergo 
atrophy, and scar formation occurs. 

The second type, that of Darier and Roussy, consists of lesions 
situated in the subcutaneous tissue. They are round or oval and vary 
in size from 1 mm. to 2.5 cm. or more. There may be only one lesion, 
or there may be one thousand or more. The lesions develop slowly ; 
they vary in color from the normal color of the skin to purple red, 
and there is no disturbance of the general health. Microscopically, this 
type shows the same make-up as that of Boeck but has a greater number 
of giant cells; the corium is more diffusely infiltrated, and the whole 
picture is more suggestive of tuberculosis. 

Type 3 resembles erythema induratum and is considered by many * 
to be identical with it, and hence should not be considered a sarcoid. 
The lesions ulcerate; the tuberculin test is often positive, and tubercle 
bacilli have been observed in the lesions. 

Type 4, the Spiegler-Fendt type, closely resembles sarcoid. Giant 
and epithelial cells are rarely observed. Lewis® differentiated two 
forms of this type: the localized form, resembling Boeck’s sarcoid and 
having a good prognosis, and the disseminated form, resembling Darier- 
Roussy’s sarcoid and having a poor prognosis. He stated the belief 
that this type is a member of the group of lymphoblastomas. Most 
authors agree with this, and consequently this type has been eliminated 
from the groups of sarcoid. 


5. Whitmore, E. R.: Type Three Sarcoid Associated with Infection of the 
Tonsils and Gums, Arch. Dermat. & Syph. 11:56 (Jan.) 1925. 

6. Lewis, G. M.: Is Spiegler-Fendt Sarcoid a Clinical or Histologic Entity ? 
\rch. Dermat. & Syph. 31:67 (Jan.) 1935. 
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Though the chief manifestations of this disease occur in the skin, 
other tissues are frequently affected. A few cases in which the ocular 
structures were found to be involved might well be mentioned here. 

In 1917 Derby and Verhoeff ’ reported a case of sarcoid of the eye- 
lid, in which the history and location were similar to those in the present 
case. Lehrfeld*® in 1927 reported a case of sarcoid of the eyelids. 
Schoeppe ® in 1920 and Mylius ?° in 1928 reported cases of iridocyclitis. 
Friede + in 1920, Coppez** in 1924 and Blegvad ** in 1927 reported 
cases in which there was involvement of the conjunctiva. Ergesheimer ** 
in 1925 reported involvement of the conjunctiva and tarsus of the 
lower lids. In 1931 Reis and Rothfeld ** reported a case of Darier- 
Roussy’s sarcoid of the optic nerve. Lenartowicz and Rothfeld?* in 
1930 reported cases with involvement of the brain. Many other authors 
have reported cases with involvement of the internal organs. 

A great deal has been written in regard to the etiology of this dis- 
ease, which is still not definitely determined. The majority of authors 
believe it to be tuberculous. Some think there is a tendency of the 
tissues to respond to the invasion of a foreign body by the formation 
of lupoid ** tissue. Others, finding no apparent cause, consider the dis- 
' ease as being due to a filtrable virus.** 

In well developed lesions tubercle bacilli have been rarely observed. 
Kyrle*® observed tubercle bacilli in lesions ten days old, but after 
thirty-six days, when the lesions showed their characteristic pathologic 


7. Derby, G., and Verhoeff, F. H.: Sarcoid of the Eyelid, Arch. Ophth. 46: 
312, 1557. 


8. Lehrfeld, L.: Sarcoid of the Eyelids, Am. J. Ophth. 10:255 (April) 1927. 

9. Schoeppe, cited by Reis and Rothfeld.15 Sutton, R. L.: Diseases of the 
Skin, ed. 8, St. Louis, C. V. Mosby Company, 1931, p. 734. 

10. Mylius, cited by Reis and Rothfeld.15 

11. Friede, cited by Reis and Rothfeld.15 

12. Coppez, cited by Reis and Rothfeld.15 

13. Blegvad, O.: Boeck’s Sarcoid of the Conjunctiva, Acta ophth. 9: 180, 1931. 

14. Ergesheimer, cited by Reis and Rothfeld.15 

15. Reis, W., and Rothfeld, J.: Tuberculids of the Optic Nerves as a Compli- 
cation of Cutaneous Sarcoids of the Darier-Roussy Type, Arch. f. Ophth. 126: 
357, 1931. 

16. Lenartowicz, J., and Rothfeld, J.: Ein Fall von Hautsarkoiden (Darier- 
Roussy) mit identischen Veranderungen im Gehirn und den inneren Organen, 
Arch. f. Dermat. u. Syph. 161:504, 1930. 

17. Oppenheim: Etiology of the Sarcoid of Boeck, Arch. f. Dermat. u. Syph. 
138:326, 1922. 

18. Kissmeyer, A., and Nielsen, J.: Etiology of Boeck’s Sarcoid, Arch. Dermat. 
& Syph. 30:116 (July) 1934; Acta dermat.-venereol. 14:283, 1933. 

19. Kyrle, J.: Early Stages of Boeck’s Lupoid: A Contribution to the Tuber- 
culous Etiology of This Dermatosis, Arch. f. Dermat. u. Syph. 131:33, 1921. 
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picture, no tubercle bacilli could be seen. In a patient presenting both 
types of sarcoid and showing extensive cutaneous lesions with involve- 
ment of bone Finnerud 7° was unable to demonstrate the presence of 
tubercle bacilli or to show any accompanying tuberculous findings. 
Goeckerman ** expressed the belief that the tubercle bacillus may pos- 
sibly be the etiologic factor in this disease. 

Ormsby stated that, as a rule, the tuberculin test is negative in this 
disease. The question arises as to why this should be so. This is 
explained by many authors as being due to an anergy * or antiana- 
phylaxis and, according to them, substantiates rather than disproves the 
tuberculous etiology. In the colored race this anergy is apparently 
absent, and in three of four Negroes tested in the group of six pre- 
sented by Nomland,”* the tuberculin test was positive. 

Most authorities on tuberculosis do not consider the tubercle bacillus 
to be an etiologic factor in this disease and are frankly skeptical of the 
assumed existence of a state of anergy. 

It has long been recognized that hypersensitiveness to the intra- 
dermal injection of tuberculin may diminish or disappear in moribund 
patients or may diminish or disappear temporarily in the presence of 
intercurrent acute infections, but the existence of other circumstances 
which are capable of producing even a temporary state of anergy in 
man has never been established. Experience with skin testing with 
tuberculin on a large scale has shown that in the absence of the two 
conditions already mentioned a negative reaction of the skin in the 
presence of demonstrable tuberculous infection occurs not more often 
than once in several thousand cases. 

Laboratory experience also places the burden of proof on those who 
believe that a state of anergy may occur with any significant degree of 
frequency under natural conditions of tuberculous disease. The report 
of the Tuberculin Committee of the British Medical Research Council 
on “Tuberculin Tests in Cattle,’** and the experiments of Rich * 


20. Finnerud, C. W.: A Clinical, Histologic and Bacteriologic Study of a Case 
of Multiple Benign Sarcoid of Boeck-Darier-Roussy, Arch. Dermat. & Syph. 
4:342 (Sept.) 1921. 

21. Goeckerman, W. H.: Sarcoids and Related Lesions: Report of Seventeen 
Cases; Review of the Literature, Arch. Dermat. & Syph. 18:237 (Aug.) 1928. 

22. Sulzberger, M. B.: Sarcoid of Boeck and Tuberculin Anergy, Am. Rev. 
Tuberc. 28:734, 1933. 

23. Nomland, R.: Hematogenous Cutaneous Tuberculosis (Sarcoid) in Negroes: 
Report of Six Cases, Arch. Dermat. & Syph. 30:59 (July) 1934. 

24. Tuberculin Tests in Cattle, Medical Research Council, Special Report 
Series, no. 94, London, His Majesty’s Stationery Office, 1925. 

25. Rich, A. R.: Bacterial Allergy and Acquired Immunity, Nat. Tuberc. A. Tr. 
27:149, 1931; Observations on the Relation of Allergy to Immunity, Bull. Johns 
Hopkins Hosp. 47:189 (Oct.) 1930. 














































502 ARCHIVES OF OPHTHALMOLOGY 


and of Cummings and Delahant ** with guinea-pigs have shown that 
it is possible to produce anergy as a temporary phenomenon only with 
great difficulty, with the use of a highly specialized technic and rela- 
tively huge doses of undiluted old tuberculin given subcutaneously— 
conditions which can hardly be conceived to exist under the circum- 
stances of natural disease in either animals or man. 

The disease usually occurs between the ages of 13 and 40, but has 
been reported both above and below these age limits. 

The final diagnosis of sarcoid may usually be made by pathologic 
study. Occasionally the microscopic picture seen in leprosy, syphilis 
and other diseases is similar to that seen in sarcoid. Roentgen studies 
may be of some aid. Harrison ** in his “Textbook of Roentgenology” 
stated: “This condition is probably a granuloma, affecting especially the 
lungs and the bones, the lungs showing widely disseminated, bilateral, 
miliary shadowy areas, and the bones showing either marked osteo- 
porosis with enlargement of the osseous lacunae or cavernous changes 
in which the rarefying process is very pronounced and ends in the for- 
mation of actual spaces in the calcified structure of the bone, to which 
the granulomatous tissue of the marrow appears to extend.” 

The prognosis regarding life is usually good. Cases in which the 
condition ended fatally,’* however, have been reported. The lesions may 
disappear, recur, persist or spread. 

Numerous remedies and methods of treatment have been recorded. 
Arsenic in moderate-sized doses, when used over long periods of time, 
has been reported as being of definite value. Some patients have 
responded to injections of tuberculin. A few patients are said to be 
benefited by roentgen therapy,** but there are some authors who do not 
agree with this. 


Lomholt *® in 1934 reported twelve cases in which the patients were 
treated with esters of chaulmoogra and hydnocarpus oil. ‘He found 
intramuscular injection as efficacious as intravenous injection. Severe 
reactions were frequently seen, and eosinophilia occurred after each 
injection. 

26. Cummings, D. E., and Delahant, A. B.: Relationships Between Hypersensi- 
tiveness and Immunity in Tuberculosis, Nat. Tuberc. A. Tr. 30:123, 1934. 

27. Harrison, B. J. M.: A Textbook of Roentgenology, Baltimore, William 
Wood & Company, 1936, p. 591. 

28. Andrews, G. C.: Diseases of the Skin, Philadelphia, W. B. Saunders 
Company, 1930, p. 622. 

29. Lomholt, S..D.: The Treatment of Boeck’s Sarcoid with Esters of Chaul- 
moogra and Hydnocarpus Oil, Arch. Dermat. & Syph. 32:300 (Aug.) 1935; 
Dermat. Ztschr. 70:57, 1934. 
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Morse * reported a case in which gold sodium thiosulfate caused 
the lesions to disappear after twenty-six injections. 


Various other remedies, such as endothermy, carbon dioxide snow,** 
bismuth and sulfonated bitumen ointment, have been used, with reported 
success. 


It is generally conceded that hygiene, a balanced diet and sufficient 
rest are of great value in the treatment of this disorder. 


SUMMARY 


A case of two different types of sarcoid coexisting in the same 
person with involvement of the eyelid by the Boeck type has been 
reported. 


An extensive review of the literature has revealed the rarity of 
mixed sarcoid, as well as the rarity of involvement of the ocular 
structures. 


Sarcoid is a condition characterized by the formation of plaques, 
both cutaneous and subcutaneous. There are only two types of sarcoid. 
The lesions usually undergo resolution and terminate in atrophic scar- 
like areas. 

The etiology of sarcoid is unknown. A few authors consider a 
filtrable virus the cause. Others think that there is a tendency of the 
tissues to respond to the invasion of a foreign body by the formation 
of lupoid tissue. Many authors consider the tubercle bacillus to be the 
cause and attribute the negative reaction to tuberculin to a stage of 
anergy. Most authorities on tuberculosis, however, do not believe the 
tubercle bacillus to be an etiologic factor and are frankly skeptical of 
the assumed existence of a state of anergy. 


Histologic study is the only accurate means of making the diagnosis. 
This should be consistent with or substantiated by clinical findings. 
The roentgen rays may be of value as a diagnostic aid. 

The prognosis as a rule is good. Cases in which the condition termi- 
nated fatally, however, have been reported. 


The treatment is varied. In the case reported, in addition to surgical 
removal of the tumor of the lid, the patient received treatment with 
solution of potassium arsenite, roentgen therapy of the chest and rest. 
The treatment was apparently successful, and in the course of eight. 
months there has been no recurrence of the lesions. The patient’s general 
health remains good. 


30. Morse, J. L.: Lichenoid Sarcoid (Boeck): Report of a Case with Review 
of the Literature, New York State J. Med. 33:686 (June 1) 1933. 

31. Hazen, H. H.: Diseases of the Skin, St. Louis, C. V. Mosby Company, 
1927. 
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The following references in addition to those used as footnotes rep- 
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FISH LENS PROTEIN AND CATARACT 


I. THERAPEUTIC VALUE 


RALPH F. SHROPSHIRE 
ST. MARYS, PA. 


Perhaps the most puzzling etiologic problem of ophthalmologic 
pathology is that dealing with cataract. There have been advanced 
almost as many theories as there have been investigators in the subject. 
These theories have dealt with a wide range of causes, from infra-red 
rays emitted by molten glass to bacterial toxins. 

It was in the latter part of the nineteenth century, when outstanding 
workers on the biochemistry of the lens (such as Goldschmidt, Adams 
and others) were carrying on their researches that the ophthalmologic 
profession first gained an insight into some of the factors which involve 
the existence of the lens. In brief, these workers seemed to be reason- 
ably in accord with the theory that the mammalian lens requires for its 
existence in its specialized state of transparency certain compounds the 
action of which is either directly on the cells themselves or catalytic. 

Another school of thought has dealt with the as yet obscure biologic 
relationship between various lenticular antigens. This group has felt 
that the processes involved in the changes in the cells of the lens are 
related to some peculiar unidentified property of proteins and has 
attempted from time to time to treat cataract by means of either protein 
extracts from mammalian lenses or antigens prepared from the serum 
of experimental animals into whom extracts of human lens protein had 
been injected or with so-called nonspecific proteins (such as milk). 
Their results have not been particularly successful. 

Inspired by these workers, possibly, Dr. Ludvig Hektoen, perhaps 
the foremost experimenter in the field of immunology, made studies on 
the specificity of the precipitin reaction, using mammalian lens protein 
for purposes of sensitization. On “reading” his results he discovered 
that an animal sensitized with mammalian lens protein gave a positive 
precipitin reaction with the extracts of lenticular protein of all the 
living organisms tested except fish. He repeated the test, sensitizing 
his experimental animals with extracts of fish lens protein. A markedly 
positive reaction was obtained with the lenticular protein of all the 
species of fish tested but with no other available type of lenticular pro- 
tein. From this he drew the conclusion that there is a definite 
immunologic and antigenic difference between the lenticular proteins of 
fish and the lenticular proteins of all other existing forms of life. The 





506 ARCHIVES OF OPHTHALMOLOGY 


property of protein on which these reactions are based must be a matter 
of speculation to a certain extent, but it is not only not beyond the 
bounds of reason but partially demonstrable that the so-called “antigenic” 
school of thought, and the other school, which might be called the 
“chemical” school, have more in common than at first appears. As will 
be shown in the latter part of this paper, definite chemical differences 
can be demonstrated between lenticular proteins showing immunologic 
differences. 

Some years ago there occurred in a trout hatchery what seemed to 
appear to be an epidemic of cataract among the fish. On investigation 
parasitism seemed to be one of the outstanding causes of this so-called 
epidemic. However, the investigation made, as well as the aforemen- 
tioned peculiar immunologic differences between the lens protein of fish 
and other types of lens protein, prompted studies of fish lens protein. 
One of the results of these studies was the thought that there might 
be some therapeutic value in the administration of extract of fish lens 
protein to human patients with cataract. 

Under the direction of Dr. F. Park Lewis, of Buffalo, these proteins 
were administered to over 100 patients, and in April 1933 Dr. Lewis 
reported the results of these tests in a paper read before the Interna- 
tional Association for the Prevention of Blindness, at Madrid, Spain. 
His tabulation of the patients treated, the apparent gain in visual acuity, 
the number of treatments and other data are as follows: 

A total of 123 patients were treated. Eighty-two had three or more 
treatments; of these, 71 showed a gain, and 11 showed no change or 
loss. 

There were 11 patients with other complications. Two patients had 
complete clearance in both eyes. 

Twenty-six patients were given only one treatment. Fifteen patients 
were given two treatments. Two of these 15 showed improvement ; the 
other 13 showed no change. Ten patients had three treatments; 8, four; 
11, five; 11, six; 11, seven; 9, eight; 4, nine; 5, twelve; 4, thirteen; 
1, fourteen; 2, fifteen; 1, sixteen; 1, seventeen; 2, eighteen; 1, nine- 
teen, and 1, twenty-one. 

Seventeen patients gained one line; 25 gained two lines; 14 gained 
three lines; 6 gained four lines, and 2 gained five lines. 

One patient had no change in one eye and gained three lines with 
the other eye. Two patients gained one line with one eye and three 
lines with the other eye. One patient gained one line with one eye and 
five lines with the other eye. One patient gained two lines with one eye 
and four lines with the other eye. One patient gained four lines with 
one eye and six lines with the other eye. One patient gained four lines 
with one eye and seven lines with the other eye. 
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Another case was almost equally striking, that of a railroad engineer who 
had been referred for an examination because he had fallen below the necessary 


visual requirements. . . . A man of 58 . . . had vision in the right eye of 
20/70 and in the left 20/40. Striae were found around periphery of each lens with 
some cortical opacities in each . . . he was given lens protein injections. 


Sight progressively improved from Dec. 9, 1932, to Feb. 21, 1933, when 
vision in the right eye was 20/15 and in left 20/15. 

Mrs. H., aged 62: Right eye showed heavy opaque masses extending toward 
the nucleus and a vision unimproved of 20/25; left eye, lower and outer portion, 
showed marked cortical striae. At the end of the ninth treatment extending over 
a period of two months the opacity in the right eye had markedly decreased and 
in the left eye the opacities had entirely disappeared. Her vision at that time 
had reached 20/10 in each eye. 

Sister B., 66 years old, had mature cataract with light perception in the right 
eye. Immature cataract in the left; best vision possible with glasses in the left 
being 20/50. Treatments extended from Aug. 23 to Sept. 15, 1932; at which 
time vision in the left eye had increased to 20/15 without glasses. The right eye 
remained without apparent change. 

These instances are not cited for the }:urpose of demonstrating to what extent 
the protein of the lenses of fishes may be therapeutically useful because still the 
subject is so incompletely studied that the only justifiable conclusion to be arrived 
at is that there is some element in the constituents of this lens protein which may 
serve to re-stimulate the nutrition of cataractous lenses. 

It is only possible to say that in this complicated colloid there may be some 
element yet to be discovered which has beneficial action in certain cases of incipient 
cataract. 


Since the time of the publication of the aforementioned paper 
numerous patients have been treated by the administration of fish lens 
protein. For the sake of brevity only one of these cases will be described 
in detail; it is picked at random and is not a particularly demonstrative 
case. However, the visual progress made by the patient is not at all 
unusual and is more or less typical of the results attained by the admin- 
istration of fish lens protein to patients with cataract. 


Mr. R., aged 65, was seen on Nov. 26, 1935. The ophthalmoscope revealed 
early sclerosis of both lenses, the lower portion showing the most involvement. 
On December 15 the injection of fish lens protein was started, and this treatment 
was continued, 1 cc. being given three times a week. On that date vision in the 
right eye was 20/100 and vision in the ieft eye was 20/80, without glasses. On 
December 28, after the sixth ampule of fish lens protein was given, vision in the 
right eye was 20/100 and that in the left eye was 20/50. The left eye showed 
fewer striations. On Jan. 11, 1936, vision in the right eye was 20/80 and that in 
the left eye was 20/60. On January 28 the right eye appeared definitely clearer 
except for heavy striations across the center as though the lens were cracked on 
a crooked line. The patient complained of some diplopia with that eye. Vision 
in the right eye was 20/30, and that in the left eye was 20/40. On February 15 
vision in the right eye was 20/40 and that in the left eve was 20/30. The diplopia 
has been less noticeable to the patient lately. 


From the foregoing evidence it seems that the administration of 
fish lens protein to patients with cataract is of therapeutic value. 





FISH LENS PROTEIN AND CATARACT 


II. CHEMICAL STUDIES 


RALPH F. SHROPSHIRE 
ST. MARYS, PA. 


The clinical evidence which was brought forward in the first paper 
of this series* indicates that fish lens protein is a therapeutic agent for 
the nonsurgical treatment of incipient cataract. The problem for the 
past few years has been the isolation of that portion of fish lens protein 
which is remedial. 

Many studies made on the human lens have fairly well established the 
fact that it consists essentially of an insoluble portion, which is possibly 


TABLE 1.—E/ementary Composition of Most Lenticular Protcins 








Elementary Substances Percentage 


About 53 
About 7 
About 16 
Less than 1 





well called an albuminoid, and three water-soluble, heat-coagulable pro- 
teins, which have been named alpha, beta, and gamma crystallins. Various 
investigators have claimed that these crystallins are albumins, globulins, 
pseudoglobulins or euglobulins. However, regardless of into what 
arbitrary classification these may be placed, the fact remains that in the 
human lens there are but three water-soluble substances which have been 
identified as proteins. 

Beginning with the original works of Laptschimski and the classic 
researches of Morner, there have been numerous reports of investiga- 
tions which have added to the knowledge of the chemistry of these pro- 
teins. An integration of these works from a fundamental, chemical 
standpoint shows that most lenticular proteins have about the same ele- 
mentary composition, which is shown in table 1. 

The variation in the percentages in which these crystallins exist is 
striking and has been the subject of considerable study. 

Another method of approach to the specificity of the chemical entity 
of these proteins has been through their immunologic reactions. Again, 
regardless of whether the proteins are obtained from man or cattle, one 


1. Shropshire, Ralph F.: Fish Lens Protein and Cataract: I. Therapeutic 
Use, Arch. Ophth., this issue, p. 505. 
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gets the same reactions. In most living forms the lens is a constant 
chemical aggregate, consisting of an insoluble protein and three water- 
soluble, heat-coagulable proteins. However, as has been mentioned in 
the first part of this paper, Dr. Ludvig Hektoen demonstrated definitely 
the differences between mammalian and piscine lenticular proteins. 

In lenticular extracts of fish the substances the temperatures of 
coagulation of which correspond to those of the crystallins of the mam- 
malian lens alpha, beta and gamma are found in approximately the 
reverse percentages. 

Furthermore, not only does the elementary composition of these 
proteins seem to remain constant, whether the gource is human or bovine, 


, 


TaBLE 2.—Temperatures of Coagulation and Relative Percentages of Crystallins 
in the Mammalian Lens and in the Piscine Lens 








Temperature of Mammalian Lens, Piscine Lens, 
Crystallins Coagulation, C. Percentage Percentage 
Alpha 72 34 
Beta 62 40 
Gamma 52 6 48 





TasLe 3.—Elementary Composition of Various Crystallins Found in Mammalian 
Lenses as Compared to the Elementary Composition, of 
Crystallins in Piscine Lenses 








Mammalian Lens, Piscine Lens, 
Elementary Substances Percentage Percentage 
ass aaa 5 ing cettaetees cas aamedeosuas 54.78 51.32 
INT os nictavsovarictere tt aaiaes caeaet 7.02 7.41 
I aks sn wiccuacaasndin ccpubeasewernied 16.51 15.56 
I ieesinn ec ade- ne yah beeen emndiaekeeanee 1.20 4.30 
ies save ctanccadanwacachs Ee ee eA ae 21.15 21.61 





but the relative percentages in which these crystallins exist seems also 
to be constant. Table 2 shows the temperatures of coagulation of 
crystallins found in mammalian lenticular extracts and their relative 
percentages as compared to similar substances found in the lenses of 
fish. 

Strangely enough, however, in fish lens proteins not only do the 
relative percentages in which the various crystallins occur differ from 
those in mammalian lens crystallins, but the elementary composition of 
their components is different. 

In table 3 is shown the elementary composition of various crystal- 
lins found in mammalian lenses as compared to the elementary com- 
position of lenticular proteins from fish. 

It will be noted that in the lenticular extracts from fish there is an 
exceptionally high sulfur content. 
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That portion of the water-soluble protein known as gamma seemed 
to hold most promise, owing primarily to its preponderance in the crystal- 
line lens of the fish as compared with the small quantity of it which is 
found in the mammalian lens. 


EXPERIMENTS 


The first attempt to ascertain the constituents of this particular protein 
involved a determination of the total sulfur content by the fusion method and sub- 
sequent precipitation of the sulfur as barium sulfate, from which the sulfur content 
was calculated. Two samples from different sources but coagulated in the same 
manner gave a percentage of sulfur of 2.67. Blanks were run to determine the 
purity of the reagents, and duplicate samples were analyzed. (The data were 
checked to 1 mg. of barium sulfate in a 200 mg. sample.) Analyses were likewise 
made by the same method and checked within the limit of experimental error for 
both alpha and beta components of the water-soluble proteins. These gave the 
sulfur contents for these proteins shown in table 4. 

At the same time a 3 Gm. sample of the gamma component (the dried coagu- 
lated protein) was hydrolyzed for eighteen hours with 50 cc. of a 20 per cent 
solution of hydrochloric acid. The hydrolysis was carried out in conjunction with 


TaBLeE 4.—Sulfur Contents of Alpha, Beta and Gamma Components 








Crystallin Percentage of Sulfur 
3.72 
3.52 
2.67 





a suitable reflux condenser. It is of interest to note at this time that, although 
the significance of the observation is still obscure, during the course of this 
hydrolysis vapors were given off at the top of the refluxing column which rather 
resembled indole but which had an acrolein-like odor and reaction and which were 
soluble in alcohol, the alcohol being turned light amber by the dissolved gases. 
The alcoholic solution of the gases when concentrated by evaporation and when 
subsequently diluted by the addition of water became opalescent; thereupon there 
occurred a formation of crystals which appeared to be of the rhombic prism type. 
These were similar to crystals of amino-acetic acid but were considerably smaller 
than the classic crystals of that substance. The emission of indole during the 
course of the hydrolysis is understandable in the event of a high value for trypto- 
phan for this particular protein. The distribution of nitrogen which gives per- 
centages of amine groups showed little except for the fact that the cystine content 
appeared to be exceptionally low. These tests were made in accordance with the 
standard method developed by Dr. D. D. Van Slyke for the determination of 
aliphatic groups. Protein was hydrolyzed for periods varying from eighteen to 
one hundred and fifty hours. Humic acid was removed by adsorption with lime, and 
the amount of ammonia nitrogen was determined by distillation under reduced 
pressure. The percentage of nitrogen in humic acid (or melanin) adsorbed by 
the lime was determined by the Kjeldahl method. 

The clear filtrate was treated with phosphotungstic acid (P203.24WO-42H:0) 
in order to precipitate the basic amino-acids. The precipitate of the bases was 
separated by filtration and taken up in solution, and the phosphotungstic acid was 
removed by shaking the solution with an equal mixture of ether and amyl alcohol. 
The solution of the bases was then concentrated under reduced pressure to 50 cc. 
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The arginine nitrogen content was determined on half of the sample, and after 
acidification the same portion of the sample which had been used for the deter- 
mination of the arginine content was digested, and its nitrogen content was 
determined ‘in the usual manner by the Kjeldahl method. The sum of these two 
gave the total nitrogen content of the bases. By means of Van Slyke’s deaminiza- 
tion pipet and shaking equipment and in accordance with the usual technic for 
determining the nitrous acid content, the aminonitrogen content for the bases was 
then determined. 


The value for histidine nitrogen was obtained by calculation, as was that for 
lycine nitrogen. 

Duplicate samples of the solution of the bases which, with blanks, were concur- 
rently treated with Denis’ solution? in accordance with the technic of Benedict 
failed to give a precipitate of barium sulfate. That would indicate a cystine 
fraction too small to be detected. This is particularly remarkable in view of the 
extraordinarily high sulfur content found in this protein. The value for nonamino- 
nitrogen in the filtrate from the bases was determined, as was that for the amino- 
nitrogen in this filtrate. 


Determinations of the cystine content were made in accordance with the technic 
of M. X. Sullivan. 


As is well known, there are but two sulfur-containing amino-acids 
which have been isolated so far—tl-cystine (dicysteine or dibetathio- 
alanine) and l1-methionine (gammamethylthiolalpha-amino-n-butyric 
acid). Determinations of the cystine content on that substance obtained 
from fish the temperature of coagulation of which corresponds to that of 
mammalian gamma crystallin could account for but 24 per cent of the 
sulfur found, whereas no test for methionine was positive. From this 
one draws the rather startling conclusion that there must exist a hitherto 
undescribed amino-acid which is a sulfur bearer. 


Cystine is one of the few organic compounds which cannot be 
synthetized by the body, yet it is essential to its existence. The tripeptide 
glutathione is formed by the combination or linkage of cysteine (the 
SH form of cystine) with glutamic acid and amino-acetic acid. Numer- 
ous chemists and workers in the field of the biochemistry of the eye 
have apparently demonstrated the fact that the human lens contains an 
actual auto-oxidation system, which is dependent for its functioning on 
the presence of glutathione. The oxidation and reduction by this tri- 
peptide is thought to be due to the alternate opening and closing of the 
SH radical. Furthermore, it has been apparently shown that a dis- 
turbance in the auto-oxidation system was concerned in the production 
of cataract. ’ 


It is my belief that in fish lens protein there exists a sulfur-bearing 


amino-acid which, as has already been stated, is undescribed and which 
by its action as an auto-oxidizing agent is of therapeutic value. 


2. The composition of Denis’ solution is as follows: copper nitrate, 25 Gm.; 
socium chloride, 25 Gm., and ammonium nitrate, 10 Gm. 
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Owing to the many obvious difficulties which face the -research 
biochemist in the study of complex protein molecules, it is impossible at 
this time to establish a structural formula for this apparently new sulfur- 
bearing amine. 

In summary, I wish to state that it is not only my belief but a fact 
apparently established by clinical evidence that in fish lens protein there 
exists some substance which when administered to patients with incipient 
cataract causes the early lenticular opacities to disappear and the lens 
to revert to the normal state of transparency. 








CATARACT DUE TO DINITROPHENOL 


REPORT OF CASES 


ERNEST E. HESSING, M.D. 


SAN FRANCISCO 


It has been estimated that the total number of reported cases of 
cataract that developed after the use of dinitrophenol is between sixty 
and one hundred.' I wish to present a report of cases and the result 
of the treatment secured at Greens’ Eye Hospital. 

Between Feb. 23, 1935, and Sept. 9, 1936, my associates and I saw 
nineteen patients with cataract in both eyes which had developed after 
the use of dinitrophenol. In these nineteen patients cataracts were 
removed from twenty-five eyes. All the patients were women, a fact 
which is in accord with the literature on this subject. Most of them 
belonged to the better situated classes. 

Horner pointed out that susceptibility to dinitrophenol varies widely, 
because cataract develops in only a small percentage of those who have 
taken the drug.’ I have found also that there may be a familial sus- 
ceptibility. My associates and I have in our series the cases of a mother 
and her daughter who were operated on at about the same time. 

The ages of the patients varied between 32 and 63 years, the average 
being 47 years. 

All the extraction operations that we performed were capsulotomies. 
In twenty-two cases (eyes), or 88 per cent, vision of 0.8 or better 
was obtained. The results of operation for cataract due to dinitrophenol 
are better than those of operation for senile cataract because the patients 
with cataract due to dinitrophenol are younger, on an average, and one 
finds, therefore, fewer senile or arteriosclerotic changes in the retina. 
In almost all our cases the opacities in the lens had increased rapidly, 
and visual acuity had decreased in the same way. 


PREOPERATIVE COMPLICATIONS 


In three cases there was acute secondary glaucoma, probably caused 
by the swelling of the lens. In two of these cases a preliminary Reese 
iridectomy was performed to lower the tension (cases 12, 13 and 14 
in the table). In two cases high blood pressure produced small hemor- 
rhages in the retina but did not affect the visual acuity. 


1. Horner, W. D.: Cataract Following Dinitrophenol Treatment for Obesity, 
Arch. Ophth. 16:447 (Sept.) 1936. 
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COMPLICATIONS DURING THE OPERATION 


In one case a small amount of vitreous was lost, but the final result 
was not affected. In another case prolapse of the iris and lens occurred 
after the section. The patient’s blood pressure was 204. The healing 
of the wound and the final result were good. 


POSTOPERATIVE COMPLICATIONS 


In eleven cases, or 44 per cent, needling for secondary cataract was 
done. My associates and I perform needling without hesitation in cases 
in which we may improve the visual acuity. In one case there was a 
small prolapse of the iris, which gradually disappeared after several 
cauterizations with trichloro-acetic acid. In case 13 secondary glaucoma 
was present before operation and persisted in spite of a basal iridec- 
tomy and capsulotomy with irrigation of the lens matter. In case 24 
marked swelling of secondary lens matter, with secondary glaucoma, 
necessitated a keratome incision, iridectomy and irrigation of the ante- 
rior chamber. 

Besides this series of twenty-five cases in which operation was per- 
formed (thirteen patients had cataract in both eyes, one of whom had 
the cataract removed from only one eye), we have seen six patients 
with cataracts in both eyes that developed after the use of dinitrophenol. 
In two cases vision has not decreased during the last six months. In the 
case of one patient, who has been given injections of extract of lens 
antigen, the visual acuity of both eyes has not diminished during the 
last nine months, nor have the opacities in the lens increased. At present 
vision is 0.8 in the right eye and 0.5 in the left. 

For ease of comparison we are presenting a table giving the data 
for the cases. 





RETINAL ALLERGY 


REPORT OF A CASE 


JOHN S. PLUMER, M.D. 
PITTSBURGH 


A. C. Woods in his monograph entitled “Allergy and Immunity in 
Ophthalmology” cited the experimental work of Hess and Roemer, 
who “found that retinal tissue had antigenic properties and produced 
lytic and agglutinating antibodies.” However, regarding ocular disorders 
noted by certain authors in cases of food idiosyncrasies, he expressed 
the opinion that “there is little reason to believe such occurrence is 
other than a coincidence; and there is certainly no definite evidence to 
indicate that such ocular disorders are due to food allergy.” 

I am unaware of any reference to the possibility of the existence of 
clinical retinal allergy other than the report of the personal observation 
of Arthur Coca. The following case is therefore reported because it has 
certain features suggesting a causal relationship between food allergy 
and an ocular disorder. 


REPORT OF CASE 


A physician aged 35 came under observation in January 1931, complaining of 
slight but definite blurring of vision in the left eye, of sudden onset and of two 
weeks’ duration. Careful examination (including perimetric studies) revealed only 
two significant abnormalities in the left eye. Subjectively there was a slight 
reduction in normal visual acuity, objects appearing slightly blurred, smaller and 
less illuminated than with the normal right eye. Objectively there were a slight 
congestion and haziness of the left’ macula. The macular changes, whiie definite, 
were not striking and could have been easily overlooked. Following eradication 
of several suspicious foci of infection, dental and tonsillar, gradual and apparently 
complete recovery took place. However, some weeks later a similar attack 
occurred without apparent cause. In the meantime the report of Arthur Coca’s 
personal observation of a patient with a definite allergic diathesis and who also 
suffered from attacks of blurred vision with objective signs of retinal edema 
at the macula came to the attention of the patient and suggested to him the 
possibility of a similar etiology in his case. He remembered that immediately 
before each attack of visual disturbance he had eaten peanuts in some form. 
Allergic features of his history were lifelong severe attacks of migraine, a sus- 
ceptibility to hay fever and a definite intolerance to chicken meat. Of interest 
also in his family history is the occurrence of attacks of urticaria in a sister. 
Cutaneous tests then made by Dr. Leo Criep showed that the patient was sensitive 
to chicken meat, the pollen of early grasses, beans, cotton seed and peanuts, mildly 
so to the latter on passive transfer. The patient was certain that his alarming 
attacks of disturbed vision were due to indulgence in peanuts, and as he used the 
affected eye in doing his microscopic work he flatly refused to permit any direct 
test with peanuts. At the time of writing (November 1936), examination of his 
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eyes revealed no abnormality other than a low refractive error, correction of which 
gave normal visual acuity in each eye. The fundi were normal in appearance, 
especial attention being given to the macular areas. 


SUMMARY 


The case is reported of a patient with a definite allergic diathesis 
who has had no attacks of migraine or visual disturbances (subjective 
or objective) since total abstinence from certain foods to which he 
reacted positively, while he did have one or more recurrences previously 
in spite of the removal of obvious foci of infection. 


CONCLUSIONS 


While it is impossible to prove that the visual disturbances and 
transient retinal lesion at the macula were due to food allergy in this 
case, such an etiologic basis is strongly suggested by the history. 





Clinical Notes 


A NEW MAGNET STAND FOR USE WITH LARGE 
AND SMALL MAGNETS 


Harry V. Jupce, M.D., Atpany, N. Y. 


The mechanical department of the Albany Hospital was requested 
to construct for the department of ophthalmology of the Albany 
Medical College a magnet stand suitable for the operation of both the 
hand and the medium size Lancaster type of magnets. Its use has 
proved so satisfactory that I am offering its design to others who 
may have need for a similar apparatus. 

In its construction several features were combined: (1) universal 
adjustment; (2) mobility; (3) elimination of a motor generator set, 
wet or dry batteries, for the unit is operable from a socket furnishing 
110 volt alternating current; (4) accurate control of current delivered 
to the magnet. 

For the sake of description the unit is considered from the mechani- 
cal and electrical angles. 

The elevating or telescopic device, for the use of the larger magnet, 
consists of a welded base in which a 3 inch (7.6 cm.) steel tube is placed. 
Its raising and lowering movement is governed by a worm which is 
operated by a 10 inch (25.4 cm.) hand wheel fitted with ball-bearings 
to eliminate friction and weight. The upper end of the elevating 
mechanism is connected with a yoke which supports a horizontal bar 
to which in turn is fastened a semicircular slotted disk capable of being 
locked in position by a hand wheel. 

From one end of the horizontal bar is suspended a counterweight, 
while at the other end there is an adjustable yoke with a worm gear 
and worm adjustments. The yoke supporting the magnet weighing 62 
pounds (28.1 Kg.) can be locked in a suitable position by means of two 
thumb screws. By use of this worm gear the magnet can be swung 
around a vertical axis parallel to the horizontal bar through a complete 
circle. The magnet mounted into a yoke by means of a split collar 
can be rotated vertically through an arc of approximately 240 degrees. 
The magnet may be secured in any desired position by locking two 
thumb screws, one on each side of the yoke. 

The electrical apparatus furnishing direct current consists of two 
General Electric phanotron rectifying tubes located in a steel box 
mounted on a truck with the mechanical unit already described. This 
is known as a full wave rectifier, consisting of two-element gas-filled 
tubes with an indirectly heated oxide-coated cathode, the gas being 


From the Department of Ophthalmology, Albany Medical College, Union 
University. 
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mercury vapor. As the cathodes are indirectly heated from a small 
heating element within the cathode, it takes a little while for the tubes 
to heat up before they are capable of passing current. A time delay 























Fig. 1—Three views of the magnet stand. 


relay is therefore provided so that it is impossible to take direct current 
from the equipment until the tubes have heated up sufficiently. A small 
transformer for supplying alternating current voltage to the anodes of 
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the tubes and other parts: of the equipment is mounted on the outside 
of the enclosing case. The equipment is rated as supplying 10 amperes 
at 115 volts of direct current and is suitable for a connection to a 110 
volt, 60 cycle lighting circuit. Fuses are provided for the protection of 
the equipment. 











Fig. 2.—Electrical apparatus of the unit. 


The rectifying action takes place because of the characteristic of the 
tubes permitting current to flow through them in only one direction. 
Each tube passes current during a half cycle, the result being that direct 
current is supplied to the magnets. 

A two section hand-operated rheostat is mounted on top of the 
cabinet and connected into the line of the direct current so that the cur- 


rent to the large magnet may be varied in easy stages from 1 to 8.9 
amperes. 
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The input of alternating current to the rectifier for load on the 
electromagnet is as follows: 


No _ load 4.4 amperes 
Full load on small electromagnet 5.4 amperes 
Full load on large electromagnet 13.2 amperes 


The direct current load on the magnet is as follows: 


Load on small electromagnet 1.3 amperes 
Load on large electromagnet 8.9 amperes 


Both magnets are equipped with superservice all rubber cord leads 
attached to outlets with polarized caps. By this arrangement no error 
can occur when they are attached to their respective outlets which are 
installed on the outside wall of the rectifier cabinet. 


Two direct current ammeters are flush mounted on top of the cabi- 
net, so that one is located in each of the two magnet circuits. This gives 
the operator a direct reading indicating the amount of current in each 
circuit and the efficiency of the magnet at the moment. With a decrease 
in current the magnetic pull drops off. In the case of prolonged opera- 
tion with the hand magnet it is advisable to have an extra magnet which 
can be used in case the first magnet is overcrowded. This eliminates the 
time element in waiting for the first magnet to cool off. 


Both the alternating and the direct current circuit have a 10 ampere 
flush type switch connected single pole, double break. A red bull’s-eve 
indicator is mounted above each of these switches which indicates to 
the operator when either switch is in the “on” position. 


The mechanical and electrical units are mounted on a truck frame 
made of 1 by 2 by % inch (2.5 by 5 by 0.3 cm.) channel iron, on top 
of which iron frame is welded a sheet iron plate 4% inch (0.3 cm.) thick. 
The truck is equipped with two swivel and two stationary casters, the 
wheels of which are 6 inches (15.2 cm.) in diameter, hand faced with 
2 inch rubber tires. The truck is also equipped with a hand brake to 
raise the rear wheels off the floor, thus giving stability to the apparatus 
when in use. 


This particular mechanism has rendered efficient service to the oph- 
thalmic and general surgical divisions of the Albany Hospital. 


Any one engaged in the use of large or “giant” magnets knows that 
they are more than cumbersome to handle and keep fixed in their 
required position on account of their weight and bulk. They are usually 
suspended from the shoulders of the operator by means of a cloth strap 
or else attached to a nonmotile standard, in which instance the subject is 
advanced to the magnet while in the sitting posture. With the magnet 
stand described in this paper the operation is comparatively simple, 
owing to the distinctive feature of the locking devices which allows the 
magnet to remain in a fixed position on the part. This eliminates the 
unsteady body movements and tremor of the operator which are usually 
concomitant with the physical exertion used to lift and sustain the mag 
nets of larger size. In addition, the magnet may be operated with the 
patient recumbent. 
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One of the most satisfactory devices incorporated in the stand is the 
ammeters. Under remote observation of an assistant the operator can 
be acquainted of the working efficiency of the magnet, thus avoiding 
unnecessary approaches to the eye or part at a time when the magnet 
is not rendering its maximum of pulling power. 

The feature of portability is self-evident, for the machine can be 
operated from any outlet supplying the required current of 110 volts, 
60 cycles. 

The plans of this magnet stand will be furnished by the mechanical 
department of the Albany Hospital. 


Mr. Gerard Buschenhenki and Mr. David Bailey, of the mechanical department 
of the Albany Hospital, aided in the development of this unit. 


i 
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USE OF THE SUTURE IN EXTRACTION 
OF CATARACT 


E. C. ELLETT, M.D. 


MEMPHIS, TENN. 


An increasing tendency on the part of surgeons to use some sort 
of suture of the edges of the incision as part of the routine technic 
in operations for cataract suggests that a review of the subject is 
opportune. Many of the most experienced operators in America do 
not favor the use of sutures, and in many of the large hospitals one 
does not see them used. The same is true in a least one of the largest 
European ophthalmic hospitals, namely, Moorfields. On the other 
hand, many American operators do employ them, and at least two dis- 
tinguished foreign surgeons of wide experience who have recently visited 
America, Elschnig and Barraquer, employ them habitually. So it would 
seem that the method must possess! some merit, and ophthalmologists 
should be acquainted with it. ; 

While various forms of sutures and many ways of using them 
have been suggested, it is practicable to group them as four kinds: (1) 
the conjunctival suture, (2) the corneal suture, (3) the sclerocon- 
junctival suture and (4) the sclerocorneal suture. These names are 
sufficiently explanatory. 


1. THE CONJUNCTIVAL SUTURE 
The conjunctival suture was the earliest form of suture to be used 
in connection with extraction of a cataract and is the form most often 
employed today. H. W. Williams,’ of Boston, was probably the first 
person to advocate the method, which he did in the following words: 


The advantages of the corneal flap extraction may be much enhanced and its 
dangers materially lessened, in my judgment, by the use of a suture to retain 
in apposition the edges of the wound. Securing a more immediate union, we not 
only avoid ulceration of the border of the flap and prolapsus iridis with its attendant 
evils, but the prompt restoration of the fulness of the globe and of the normal 
relation of its several parts lessens the chances of irritation from pressure of any 
cortical fragments or remnants of the capsule upon the delicate contiguous 
structures and the occurrennce of iridocyclitis. This suture, a single strand 


1. Williams, H. W.: Ophth. Hosp. Rep., London 6:28, 1867; Arch. Ophth. 


1:98, 1869. ; 
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of the finest glover’s silk, passed through the edges of the wound by a very short 
minute needle, held by forceps, can be tolerated without detriment, even in the 
cornea; but at present, I am disposed to extend the corneal flap at its apex a little 
way into the conjunctiva so as to allow of the placing of the suture in this mem- 
brane where it is more easily inserted than through the tougher corneal tissue. 


It will be seen that this is the form of suture most generally used 
today and is practically that used by both Elschnig and Barraquer. 

Conrad Berens” has advocated a purely conjunctival suture, which 
he calls an “untied suture,” in which after a rather intricate method 
of placing the stitch, the ends are left untied, friction being relied on 
to hold the thread in place. It is inserted, as are other conjunctival 
st:tures, after the incision is made and before the lens is extracted. 

Another method of placing a conjunctival suture is that of van Lint.’ 
The conjunctiva is incised around the upper half of the limbus as the 
first step of the operation. It is then separated from the underlying 
tissues by blunt dissection, which is best done with scissors, which are 
introduced closed and are then opened. In this way the conjunctiva 
is loosened from the upper half of the eyeball, and when by being 
grasped with two forceps and drawn over the cornea it is found to 
be sufficiently loose to permit it to cover half of the cornea, a stitch is 
placed near each end of the incision and passed through the bulbar 
conjunctiva down and out and down and in, respectively. The loops 
of thread between the two points of insertion of each suture are drawn 
aside, and the extraction is conducted in one’s usual manner. At the 
completion of the operation the sutures are drawn tight and tied, 
pulling the conjunctiva down over the wound. The wound is covered 
and subjected to a firm and even pressure. This method is thought to 
be very effective in protecting the wound from infection and also in 
promoting early closure of the wound and lessening postoperative 
astigmatism. It seems especially valuable when an incurable conjuncti- 
val secretion is present. 


The elasticity of the conjunctiva, which makes the van Lint flap 
possible, is an objection to the usual form of conjunctival suture. The 
membrane may stretch so much that it does not prevent gaping of 
the wound, and prolapse of some of the ocular contents may occur. 
Even under such circumstances the sutures serve a useful purpose, 
because the prolapse is limited and the prolapsed tissues are covered by 
conjunctiva and not exposed as they would otherwise be. Other methods 
have been proposed from time to time to overcome these objections, 
and some of them will be described. 


2. Berens, Conrad: Untied Suture in Cataract Extraction, Tr. Sect. Ophth., 
A. M. A., 1925, p. 117. 


3. van Lint, quoted by Wiirdemann, H. V.: Am. J. Ophth. 7:943, 1924. 
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2. THE CORNEAL SUTURE 

An early form of suture was the corneal suture suggested by 
Suarez de Mendoza.* He cut a groove in the corneal tissue correspond- 
ing to the proposed site of the incision for the operation for cataract 
and, using a double-armed suture, passed one end through one lip 
of the wound and the other through the other lip. The incision was 
made through the narrow interval between these points, and the lens 
was removed. The suture was then tied; this is a true corneal suture. 

A “perfected corneal suture” has been recently described by Baldino ° 
as follows: 

The needle is passed through the corneo-sclera before corneal section. The 
needle is not drawn through but remains in situ. The Graefe section is then made 
as usual, but only up to the needle. The latter and its thread are then pulled 
through. With a sharp hook the corneal section at the upper pole is completed, 
the thread between the edges of the wound is seized by a blunt hook and pulled 


out in a loop large enough to allow extraction of the cataract. It is then tied, 
thus securing perfect anatomic apposition. 


3. THE SCLEROCONJUNCTIVAL SUTURE 

A method of fastening a conjunctival flap to the sclera was intro- 
duced by Verhoeff and slightly modified by George Derby.* These 
operators made a small tongue-shaped flap of conjunctiva reaching 
upward from the upper pole of the cornea. A double-armed suture was 
passed, either first biting the denuded episcleral tissue and then passing 
through the flap (Verhoeff) or passing first through the conjunctival 
flap into the episcleral tissue and thence out under the conjunctiva 
above the denuded area (Derby). The loop was pulled aside, the 
incision was made, the lens was removed, and the suture was tightened 
and tied, drawing the flap into place. This method has been highly 
recommended by Howard.* 

An ingenious method was described by Frisch * as follows: 

To prepare the suture, white spool silk, size B and about 25 cm. in length 
is passed through the eye of the smallest needle which will take that thread. The 
usual short self-threading needles answer this purpose very well. A loop like a 
single bow knot is tied 10 mm. from one end and drawn out so that a loop 
remains only 8 mm. long. This loop or knot will prevent the thread from slipping 
through the hole made by the needle in the cornea. The loop can be eliminated 


after the operation by pulling on both ends at the knot, but there is no harm 
in tying the suture right over the loop if it does not pull out readily. 


In placing this suture the needle is inserted into the cornea 1.5 mm. 
to the temporal side and 2.5 mm. below the upper corneal margin, 


4. Suarez de Mendoza, F.: Gaz. d’hop. 62:439, 1889. 

5. Baldino, S.: Rassegna ital. d’ottal. 4:538, 1935. 

6. Derby, G. S.: Modern Aids to Cataract Extraction, Tr. Sect. Ophth., 
A. M. A., 1923, p. 302. 

7. Howard, H. J.: Conclusions Concerning a Conjunctival Suture in Cataract 
Extraction, Tr. Sect. Ophth., A. M. A., 1924, p. 208. 

8. Frisch, F.: Am. J. Ophth. 5:81, 1922. 
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emerging about 1.5 mm. above the point of insertion and without enter- 
ing the anterior chamber. The thread is pulled through till the knot 
is in contact with the cornea. The needle is then inserted into the con- 
junctiva 4 mm. above the limbus, emerging 1.5 mm. above its insertion, 
and the thread between the corneal and the conjunctival insertion is 
pulled out to form a loop from 12 to 15 mm. long, so that the thread 
cannot obstruct the escaping cataract. By drawing on the upper end 
of the suture the wound can be quickly closed at any time. On com- 
pletion of the operation the two ends of the thread are tied together. 


4. THE SCLEROCORNEAL SUTURE 

Of the various methods of sutures, the sclerocorneal suture that 
is advocated by Kalt ® deserves serious consideration, especially because 
he has employed it himself for about thirty years without modification 
and because his experience with it has been so extensive. It has been 
satisfactorily adopted by a number of other operators. One bite of 
the thread is in the cornea and the other in the sclera. The method 
of insertion is described by Kalt as follows: 


The suture consists of a vertical corneal portion and a transverse episcleral 
portion. The whole forms a T with a gap between the junction of the horizontal 
portion with the vertical portion. The length of each of the portions does not 
exceed 1 mm. The vertical intracorneal branch follows the vertical corneal 
meridian and stops exactly at the junction of the transparent portion with the 
sclera. The horizontal portion traverses the opaque part of the limbus as near 
the cornea as possible. An interval of 0.5 mm. corresponding to the limbus is 
ample to permit the passage of the knife. 


To elaborate this description a little, it is seen that the needle, firmly 
grasped in a light but strong needle holder, engages the cornea 1 or 
1.5 mm. below the limbus and exactly in the vertical meridian. The 
cornea at this point is about 1 mm. thick, so that it is easy to dip the 
needle sufficiently deeply into the corneal stroma to secure a firm hold 
and then tip the point forward and bring the needle and thread out. 
The needle is then passed transversely just above the limbus, care 
being taken to engage the sclera sufficiently to produce an unyielding 
bite. A little conjunctiva will be picked up as a fold on the point of 
the needle, but this does not matter. An interval of from 0.5 to 1 mm. 
should be left between the point of exit of the corneal branch of the 
suture and the transverse portion, which is ample to allow the passage 
of the cataract knife. The needle is removed, and the loop of thread 
between the two arms of the suture is drawn out, 5 or 6 inches (12.7 
or 15.2 cm.) being used to make a loop, which is placed to one side 
on the gauze covering the face, the two ends being disposed vertically 
up and down, respectively. If the thread is now wet with any sterile 


9. Kalt: Arch. d’opht. 21:255, 1898. 
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solution it readily adheres to the covering of the face and keeps out of 
the way. It is necessary to carry out these details to experience satis- 
faction in the use of the suture. The operation then proceeds in the 
operator’s usual manner, with or without iridectomy, with capsulotomy 
or with intracapsular extraction. 

A word should be said about the incision. On account of the loca- 
tion of the suture at the apex of the wound it is not possible to make 
an ordinary central conjunctival flap, but a carefully placed incision 
will yield an apron of conjunctiva on each side of the suture; these 
aprons have, as far as size allows, all the advantages that pertain to 
conjunctival flaps. 

After delivery of the lens the suture is tied. It is well to tie a 
double knot at once, so that it will not slip, and then a single knot for 
additional security. The thread, unless tied tight enough to close the 
wound, serves no useful purpose. 

The next step is the toilet of the wound, which is carried out by 
stroking, irrigation, suction or whatever method one cares to use. 
With a suture in place and tied one can use more deliberation and take 
more time in this important detail than one might otherwise feel like 
doing. The eye is then closed in the usual manner. 

Several surgeons have suggested that both arms of the suture should 
be passed transversely, a double-armed thread being used if one desires. 
This gives in effect two small sutures with a continuous thread, form- 
ing a square or a rectangle, and doubtless has some advantages, espe- 
cially in that the wound is supported at more than one point. 

Verhoeff ‘° has presented an instrument in the form of a sort of 
clamp which he introduces into the incision and which grasps both the 
corneal and the scleral margin, holding them firmly by means of three 
small pins. While they are thus held, sutures are inserted, usually two, 
and the clamp is then removed. At the completion of the operation 
the wound is covered by a conjunctival flap; the ends of the suture are 
brought through this and tied. 


COMMENT 


Quite as important as the proper placing and handling of the 
sutures is the selection of the proper materials for them. These are 
to be found in most of the stores selling surgical instruments, and it 
is a mistake to attempt any method of suturing in connection with an 
operation for cataract without special needles and thread. In utilizing 
conjunctival sutures it is best to employ fine, full-curved needles with 
rounded shafts and points instead of cutting points, as the latter may 
easily make a puncture that will tear or stretch so as to defeat the 


10. Verhoeff, F. H.: Tr. Am. Acad. Ophth. 38:434, 1933. 
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purpose in mind. The bite of the needle should be not at the very edge 
of the wound but sufficiently far back to permit of a firm hold. 

In the use of the Kalt ‘method or other methods in which the cornea 
is included in the suture even greater care is necessary in the choice of 
needles. They are marketed as “corneal needles,” are fine, round and 
as stiff as possible and are of three types. The Kalt needle is 18 mm. 
long and is a semicircle. A shorter needle, known as the Chevallereau 
needle, is similar but is 14 mm. long, while the Toulant needle is 12 
mm. long. The needle 14 mm. long is very satisfactory. The same 
attention to the points of these needles is demanded as in the case of 
cataract knives and needles, and the holder must be one that will not 
permit the needle to slip or turn. 

In regard to the material used for the suture, silk is preferred. 
Those who advocate catgut cannot realize the greater ease with which 
silk is handled, and the absorbability of the catgut is offset by its size. 
Special silk is obtainable, black being preferred for visibility. It comes 
wound on spools or short cards and may be prepared by simple boiling. 
Just before it it used, if it is drawn through a folded piece of gauze 
smeared with petrolatum it is rendered somewhat stiffer so that it will 
not kink or curl. This process also renders it somewhat less apt to 
absorb fluids of any sort. A more elaborate method of preparing silk 


for this suture and for all other sutures in operations on the eye was 
proposed by Dr. Casey Wood ™ and is as follows: 


The silk is first wound upon ordinary glass microscopic slides (for convenience 
in handling) and sterilized by boiling for thirty minutes. It is then dehydrated 
by immersion in absolute alcohol for ten minutes and the drying process assisted 
by holding the slides a few feet above a Bunsen flame for a few additional 
minutes. The slides of silk are then dropped into a jar of paraffin containing 
25 per cent of vaseline, where they remain until used. 


Sutures when in position cause a negligible amount of irritation and 
usually no complaint. They can be left in place for several days without 
any disadvantage, but by the third or fourth day they have probably 
served their purpose and unless they become untied and loosened should 
be cut and removed. They are not likely to come loose, because up to 
that time the eyes have been kept closed and there has been a minimum 
of action of the lid, which is the loosening force. A drop of local anes- 
thetic should always be instilled and the insensitiveness of the eye 
assured. It is best not to attempt to pick up the thread with a forceps, 
as a sudden movement of the eye, head or hand may cause a disagree- 
able or even disastrous effect. It is better to slip one blade of sharp- 
pointed scissors under the thread and cut it. The thread can then be 


11. Wood, Casey: American Encyclopedia of Ophthalmology, Chicago, Cleve- 
land Press, 1919, vol. 16, p. 12,344. 
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| 
grasped and removed with ease and safety. This is a minor point, but 
one which those accustomed to use the sutures consider to be very 
important. 

The disadvantages of any kind of suture may be briefly stated: 
Sutures may be unnecessary, since many experienced operators do not 
use them. They add a step to the operative technic, and all surgeons 
desire to simplify their technic. The added wound, though small, intro- 
duces an added risk of irritation and infection, especially since it requires 
the introduction of a foreign body for a few days. Finally, the sutures 
must be removed, and their removal is a more or less unpleasant step 
and one not devoid of the risk of accident. 

The advantages of some form of suture have been set forth by 
its advocates as follows: 


1. In cases in which there is loss of vitreous a suture is of imme- 
diate help in quickly and securely closing the wound. Closing the eye 
and securing relaxation are also helpful, and if one always knew when 
loss of vitreous or danger of such a loss was to occur the suture might 
be reserved for such cases. But one does not know in advance, and 
when vitreous presents it is too late to put in sutures. 


2. The suture lessens the incidence of prolapse of the iris. It 
does not prevent prolapse of the iris, but in the case of the Kalt suture 
if prolapse does occur, it is limited to a small portion of the wound 
instead of involving the whole length of the iris. 


3. The suture permits a more deliberate and careful toilet of the 
wound than one likes to make with a large unsecured wound and the 
possibility of calamity from squeezing and other manipulations and 
movements. In case the prolapsed iris has to be excised the suture 
supports the wound and prevents it from opening further during the 
manipulation. In case of vomiting, coughing or disturbance of the 
head or eye from any cause it offers a certain amount of protection 
from damage. 

4. The suture permits the patient to be moved and to sit up with 
safety at an early date, a valuable thing in case of the aged. 

There is a difference of opinion with regard to the use of the suture 
as to the promotion of rapid healing of the wound and lessening of 
the ultimate amount of corneal astigmatism. 





News and Notes 


SOCIETY NEWS 


Fifteenth International Ophthalmological Congress.—At the meet- 
ing of the Fifteenth International Ophthalmological Congress in Cairo, 
Egypt, in December 1937, two exhibitions of a scientific and commer- 
cial nature will be held. Machinery, apparatus, medicine and printed 
matter relative to ophthalmology will be exhibited. 


GENERAL NEWS 


The American Board of Ophthalmology.—The American Board 
of Ophthalmology will conduct an examination in Philadelphia on 
June 7. All applications and case reports, in duplicate, must be filed not 
later than April 7, 1937. Further information may be secured from 


Dr. John Green, the secretary, 3720 Washington Boulevard, St. Louis. 


Postgraduate Course in Ophthalmology and Otolaryngology.—The 
second annual postgraduate course offered under the combined auspices 
of the University of Oregon Medical School and the Oregon Academy 
of Ophthalmology and Otolaryngology will be held in Portland the 
week beginning April 5, 1937. Dr. C. S. O’Brien, of the University of 
Towa, will conduct the work in ophthalmology, and Dr. W. J. McNally, 
of McGill University of Montreal, Canada, that in otolaryngology. 
Further information may be obtained from the chairman of the Com- 
mittee on arrangements, Dr. A. B. Dykman, Medical Dental Building, 
Portland, Ore. 

PERSONAL 

Dr. Louis Lehrfeld, who has served on the staff of the Wills 
Hospital for more than twenty-one years, has been appointed attending 
surgeon to that institution. 





Abstracts from Current Literature 


EpITED By Dr. WILLIAM ZENTMAYER 


Bacteriology and Serology 


STUDIES ON THE ACTION OF STAPHYLOCOCCUS TOXIN AND ANTITOXIN 
WITH SPECIAL REFERENCE TO OPHTHALMOLOGY. E. L. Burky, 
Am. J. Ophth. 19: 841 (Oct.) 1936. 

Burky gives the following summary of his study: 

“Staphylococcus toxin, when injected intracutaneously, produces in 
rabbits (1) an active immunity both to the toxin and to living cultures 
of staphylococci, pathogenic for rabbits; (2) there is some evidence 
that the serums of actively immunized rabbits and horses, when injected 
into rabbits infected with staphylococci, can alter the course of experi- 
mental staphylococcus infections; (3) staphylococcus toxin, combined 
with lens extract, increases the antigenic properties of lens protein, so it 
first sensitizes and then desensitizes rabbits to lens substance. 

On the basis of these experimental observations, toxin has been 
used in humans (1) as an effective therapeutic agent in the treatment 
of styes, boils, and chronic staphylococcus infections; (2) as a fever- 


producing, nonspecific substance in foreign-protein therapy; (3) com- 
bined with lens extract to desensitize patients sensitive to lens extract. 
Staphylococcus antitoxin has been used in a few cases of staphylococcus 
infections. Its value remains to be determined.” 


W. S. REESE. 


THE TUBERCLE BACILLUS AS A CAUSE OF OBSCURE DISEASE OF THE 
Eye. F. A. Wittitamson-Noste, Brit. M. J. 2:907 (Nov. 7) 
1936. 


Williamson-Noble begins with a classification of diseases which, 
though not obviously tuberculous, can be ascribed to the activities of the 
tubercle bacillus and then draws attention to the experiments of Finnoff, 
Ohmart and O’Rourke on infections of the eye with tubercle bacilli. 
These, he believes, show that the tubercle bacillus can infect the eye, and 
in some cases the infection may run a relatively benign course. The 
absence of ocular diseases in patients in sanatoriums for tuberculous 
patients and hospitals for persons with surgical tuberculosis is com- 
mented on. Then Meller’s work on sympathetic ophthalmia based on 
the findings of Lowenstein is considered. 

Regarding skin tests Wiltiamson-Noble believes that a positive Man- 
toux reaction is of little diagnostic value and speaks of his experiences 
at St. Mary’s Hospital with the Vernes test. In the treatment the 
suggestions of Sir Almroth Wright are given to determine the correct 
dose of tuberculin which should be applied. The author does not think 
that harm from a local reaction is to be feared. 
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In explaining how the bacillus acts in diseases of the eye he sug- 
gests the three following methods: (1) by actual lodgment of the 
bacillus; (2) by diffusion of its toxins via the lymph or blood stream; 
(3) by some allergic reaction. 

He concludes that “A good case can be made out for allergy or hyper- 
sensitiveness being one of the factors producing inflammatory reactions 
and tissue destruction in the presence of tubercle toxin, and in this 
sense the administration of tuberculin may be of service not only in 
increasing the patient’s immunity, but in diminishing his allergy to 
tubercle protein, as in the case of the guinea-pigs at Johns Hopkins 
Hospital. 

“If there is such a thing as obscure disease of the eye due to the 
tubercle bacillus, it would seem reasonable to suppose some sequence 
of events such as this. Most adults harbor a healed focus of tubercu- 
losis somewhere. As a result, say, of extreme exhaustion, this focus 
lights up, the tubercle bacilli are disintegrated because the patient has 
acquired immunity, and in their disintegration, they set free tuberculo- 
protein. Unfortunately the patient is also hypersensitive, and therefore 
develops an allergic tuberculotoxic lesion of the eye.” A Kwapp. 


Conjunctiva 


AcuTE CONJUNCTIVITIS PRopUCED BY Micrococcus CATARRHALIS. 
F. A. HamBurcer, Arch. f. Ophth. 135: 277 (March) 1936. 


Micrococcus catarrhalis is closely related to the gonococcus and to 
the meningococcus. It is quite generally thought to be nonpathogenic 
for the conjunctiva. Lindner showed that at the beginning of practi- 
cally all acute forms of purulent conjunctivitis the catarrhalis micro- 
organisms in large numbers live as parasites in live epithelial cells and 
from there stir up the inflammatory reaction. This behavior Hamburger 
uses as a criterion of pathogenicity, because all other micro-organisms 
which behave in this way are pathogenic for the conjunctiva. He 
reports the case of a man 31 years of age who presented himself on the 
third day of an inflammation of his right eye. There was mild purulent 
conjunctivitis with fine membranes and swelling of the preauricular 
gland, without involvement of the bulbar conjunctiva. The conjunc- 
tivitis cleared up after only one treatment with silver nitrate. Cultures 
revealed Micrococcus catarrhalis, while smears contained normal epi- 
thelial cells with abundant growth of the coccus in them. He suggests 
that in some of the cases of mild suppurative conjunctivitis in which 
the diagnosis gonoblennorrhea was made on the basis only of a smear 
and in which after one injection of milk the condition immediately 
cleared up, not the gonococcus, but Micrococcus catarrhalis was the 


cause. P. C. KRONFELD. 


Comparative Ophthalmology 


MICROANATOMY OF THE EYE WITH THE SLITLAMP Microscope. M. U. 
Troncoso and R. Castrovieyo, Am. J. Ophth. 19: 481 (June) 
1936. 

This article does not lend itself to abstracting. The eyes of the 


pig, sheep, ox, dog and cat are described from the standpoint of goni- 
oscopy, micro-anatomy and dissection. A comparison is made of the 
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structures of the angle of the anterior chamber in Ungulata and Car- 
nivora, and the ciliary muscle and its tendon are discussed. 


W. S. REESE. 


Congenital Anomalies 


DysCEPHALODACTYLISM (VOGT) AND DEVELOPMENTAL ANOMALIES OF 
THE Uveat Tract. K. Incze, Arch. f. Augenh. 109: 562, 1936. 


Two cases are reported of developmental anomalies of the skull and 
of the uveal tract which seemed to show a hereditary tendency. The 
first case was that of a 42 year old man in whose iris was a brown cyst 
of spontaneous origin, which disappeared after an x-ray picture was 
taken of the skull. Incze rightly points out that this disappearance was 
merely a coincidence. Associated with the changes in the skull were 
deformities in the lower extremities, i. e., syndactylism. 

The second case was that of a 7 year old boy with coloboma of the 
iris, epicanthus and deformities of the skull. F. H. Apter. 


MALFORMATIONS OF THE HuMAN Eye. P. Kiewe, Arch. f. Ophth. 
135: 220 (March) 1936. 


Two rare congenital anomalies are described. In the first case (that 
vf a girl 3 months old with the clinical diagnosis of glioma) a thick 
strand of tissue connected the disk with a connective tissue membrane 
which lined the posterior surface of the lens. The posterior one fourth 
of this strand contained the fibers of the optic nerve, which projected 
far beyond the level of the retina. The portion of the retina around 
the base of the strand had attached itself to the latter for a short dis- 
tance. The strand also contained an independent complete circulatory 
system. Kiewe interprets this picture as that of persistence of the inter- 
calary piece of the optic stalk (Schaltstiick) of von Szily. 

In the second case (that of a girl 3 years of age whose condition 
was diagnosed clinically as metastatic ophthalmia following diphtheria) 
the pathologic examination revealed, in addition to the metastatic oph- 
thalmia, persistence of the canal of Cloquet and of the membrana cap- 
sulolenticularis. Moreover, the preequatorial portion of the retina had 
formed a ring-shaped fold which protruded toward the axis of the eye- 
ball. The top of this fold almost touched the posterior surface of the 
- lens, which had the abnormal shape known as lentiglobus posterior. 


P. C. KRONFELD. 


Cornea and Sclera 


V1iTAMINS A AND D IN THE LOCAL TREATMENT OF CORNEAL LESIONS. 
S. Rrnatp1, Ann. di ottal. e clin. ocul. 64: 505 (Aug.) 1936. 


Previous work on the local use of vitamins A and D in lesions of 
the skin and in ocular diseases is reviewed. Rinaldi produced bilateral 
corneal lesions, which he inoculated with Staphylococcus aureus, in 
rabbits. One eye was treated with daily instillations of an oily solution 
containing vitamins A and D in concentrated form (1,200 units of the 
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former and 2,000 units of the latter per cubic centimeter). Instillations 
of an indifferent oil were made into the other eye. In one group per- 
forating wounds were made, while in the other abrasions only were 
produced. Among three of the four animals in the first group, healing 
of the lesion was much more prompt in the eye that had been treated 
with the vitamin concentrate, and the same was true in five of the seven 
animals in the second group. Twenty patients with corneal disease, 
including dystrophic, disciform and phlyctenular keratitis, were treated 
locally with vitamins A and D. In seventeen cases rapid healing fol- 
lowed institution of the treatment. Rinaldi concludes that the local use 
of the vitamins is of value in the treatment of keratitis of the types 


mentioned. S. R. GirForp. 


New Type OF PROTECTIVE PLASTICS FOR THE CORNEA: SHELL MEm- 
BRANE OF THE Brrp’s Ecc as A PROTECTIVE BANDAGE FOR THE 
Eye. I. BrecHer, Miinchen. med. Wchnschr. 83: 976, 1936. 


Brecher shows that in certain disorders of the cornea, such as 
keratitis from lagophthalmos, dysesthesias, the nasociliary syndrome 
of Charlin and neurotrophic ulcerations, it often becomes necessary 
to provide a protection for injured corneal epithelium. When the sim- 
ple occlusion bandage would be inadequate, blepharorrhaphy or a con- 
junctival flap covering is generally resorted to. However, these surgical 
interventions are somewhat difficult, particularly for the general prac- 
titioner. Brecher found that the shell membrane of the bird’s egg 
constitutes an ideal material to use in providing a protective covering 
for injured corneal tissue. Owing to its animal origin and its other 
characteristics it combines in itself all the osmotic and mitosis-promoting 
effects of the conjunctival flap covering and thus represents an entirely 
satisfactory substitute for it. The technic is bloodless and simple. A 
properly shaped piece of the shell membrane is placed in a disinfectant 
solution (chloramine) for fifteen minutes and is then placed on the 
slightly anesthetized cornea and fastened. The membrane remains in 
place for six or eight days or longer, and after that it can be easily 


removed. From J. A. M. A. (W. ZeNTMAYER). 


MICROCORNEA IN EXTREMELY Myopic Eyes. J. Birdé, Orvosi hetil. 
78: 970, 1934. 


Most eyes with microcornea are hyperopic and microphthalmic at 
the same time. Of the cases of combined microcornea and microphthal- 
mia, from 70 to 80 per cent show accompanying hyperopia. A coinci- 
dence of microcornea and myopia is extremely rare. Bird met with a 
patient who had very small corneas in highly myopic eyes (—28 diop- 
ters). The cornea in the right eye was from 10 to 10.5 mm., and 
that in the left was from 10.5 to 10 mm., in diameter. Visual acuity 
was 5/30 in the right eye (—28 diopters) and 5/50 in the left (—28 
diopters). Exaggerated corneal refraction and a small corneal diameter 
are commonly associated with microcornea. In the reported case corneal 
refraction was low and the corneal radius long. This argues in favor 
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of the diagnosis of cornea plana in which the hyperopia that is the 
optic outcome of cornea plana by elongation of the axis of the eye 
was turned into myopia. N. Brarr. 


Experimental Pathology 


SoME EFFECTS OF GAMMA RADIATION ON THE DEVELOPING RAT 
Retina. A. GLUCcKSMANN and K. TAaAnstey, Brit. J. Ophth. 
20: 497 (Sept.) 1936. 


Gliicksmann and Tansley, after describing previous work done in 
connection with this subject and the method used by them in their 
experimental study, give the results obtained and draw the following 
conclusion and summary: 

“The formation of an additional nerve fibre layer and of rosettes 
as a result of the exposure of the developing retina to y rays does not 
appear to be due to any direct effect of the radiation on the tissue but is 
a sequel to cellular degeneration which is not specific to radiation. 

“A method of exposing the eyes of young rats to y radiation is 
described. 

“One result of radiation is degeneration of the undifferentiated cells 
of the retina. The amount of degeneration depends on the dose of 
y rays and the age of the rat. 

“The size of the irradiated eye is reduced. 

“A new fibre layer is formed splitting the inner nuclear layer into 
two if the radiation is given under appropriate conditions. 

“Rosettes may also be produced in the retina after y radiation. 

“The mechanism of the formation of the new fibre layer and the 
rosettes is secondary to the degeneration caused by the rays and not a 
direct effect of radiation.” 


The article is illustrated. W. ZENTMAYER. 


Tue Speciric GRAVITY OF THE FLUID OBTAINED AT OPERATION FOR 
RETINAL DETACHMENT. J. VISSER-HEEREMA, Arch. f. Augenh. 
109: 543, 1936. 


Fluid was collected from the diathermy hole at the time of the 
puncture and its specific gravity determined. If there was any admix- 
ture of blood, the fluid was discarded. Visser-Heerema was able to 
determine the specific gravity in as little as 0.1 cc. of fluid. The method 
described by Tutin (Arch. f. Augenh. 104: 110, 1931) was used in 
forty-four cases. 

The findings were as follows: 

In perfectly fresh bullous detachment, the specific gravity of the 
fluid was in the neighborhood of 1. 0066. In fresh detachment of the flat 
type, the specific gravity was higher than this, averaging 1.0083. In 
detachment due to tears of the ora serrata, the values found were 
considerably higher, averaging 1.0093. The specific gravity seemed to 
increase with the duration of the detachment, so that after fourteen 
days the value was often 1.01. Very high values were found when 
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there had been hemorrhages into the vitreous. In detachment of sev- 
eral years’ duration, occasionally the specific gravity of the fluid seemed 
to decrease. 

Because of the wide range of the values found, no general con- 
clusions could be drawn. F. H. Apter. 


General 


A LITTLE KNowNnN OccuPATIONAL MALADY: INTOXICATION FROM GAS 
PROCEEDING FROM CERTAIN SUBMARINE SOURCES WHERE MEN 
Work 1N Divine Betis. P. Barrat and A. SEIGNER, Ann. 
d’ocul. 173: 513, 1936. 


In this communication P. Barrat and Seigner have attempted to 
publish knowledge acquired about a rare and little known disease which 
develops with the now more frequent use of diving bells. It is a form 
of general intoxication with symptoms of headache, vertigo, vomiting, 
pupillary and other local phenomena, such as acute coryza, conjunctival 
disturbance and tearing. 

The ocular phenomena are always present, and sometimes they are 
the only ones. This no doubt is due to the great fragility of the con- 
junctiva and perhaps to an elective action of the causal agent. The 
disease is most interesting to ophthalmologists, and for this reason 
attention is drawn to it. It is caused by a mixture of gases proceeding 
from the putrified bodies of marine animals held in the clay mud for 
many years. 


Twenty-three observations are given in detail. 


S. H. McKee. 


General Diseases 


INFLAMMATORY DISEASE IN THE EYE Causep By Gout. D. J. Woop, 
Brit. J. Ophth. 20:510 (Sept.) 1936. 


Wood gives the case histories of four patients whose symptoms and 
conditions were much alike. These patients had attacks of what Hutch- 
inson termed “hot eye” and Wood calls “episcleritis periodica fugax,” 
followed by either iritis or iridocyclitis and appearance of vitreous opaci- 
ties. In two of the patients these opacities were rather large rounded 
atoms, possibly urates. In three patients there was proptosis, and two 
had indications of tenonitis, and there were corneal crystals. In one 
the biomicroscope revealed acicular crystals in sheaths in the cornea. 

A report on the pathologic observations in an eye that was removed 
is given, and the conclusion is drawn that there had been definite 
selective action by the tissue irritant, as the sclera, the choroid and the 
bacillary (rod and cone) layer of the retina had been seriously dam- 
aged, while the iris and to a less extent the ciliary body had’ escaped. 
The lens remained clear. | 

The proof that gout is the principal cause is partly negative in that 
the pathologic conditions do not resemble any others that Wood has 
seen. On the positive side are to be placed the fact that in three cases 
tenonitis was present and the fact that episcleritis periodica fugax was 
the commencement in all the cases. The diets of three of the patients 
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and their use of alcohol were such as would naturally produce a gouty 
condition, and in another cessation of the drinking of beer and diminu- 
tion of the heavy meat diet put an end to the troubles. Besides these 
points, it was found that in the two cases in which an examination was 
made the uric acid in the blood was greatly increased during the acute 
attacks. 


The article is illustrated. W. ZENTMAYER. 


THe Eye 1n Leprosy. E. F. Kine, Brit. J. Ophth. 20: 561 (Oct.) 
1936. 


It is estimated that there are from fifty to a hundred cases of 
leprosy in the British Isles. King describes the clinical manifestations 
of the disease in the various tissues of the eye. The cases he has studied 
are of the mixed type of nodular and nerve leprosy. He states that 
the commonest and often the only ocular change is leprotic superficial 
keratitis. The term is a poor one, as the condition is not superficial and 
is quite unlike other types of superficial keratitis. 

The article is illustrated. W. ZENTMAYER. 


LACRIMATION IN ExoPHTHALMIC GoITER. H. VIALLEFONT, Arch. 
Soc. d. sc. méd. et biol. de Montpellier 17: 139, 1936. 


In two cases in which persisting lacrimation was the dominant com- 
plaint local factors did not adequately account for the condition, but 
further study revealed latent signs of exophthalmic goiter. In one case 
the metabolic rate was increased 20 per cent; in the other, 50 per cent. 


J. E. LeBensoun. 


Glaucoma 


IRIDOCORNEOSCLERECTOMY FOR GLAUCOMA. C. BERENs, Am. J. Ophth. 
19: 470 (June) 1936. 


Berens describes a new operation for glaucoma. The explanation 
should be read to be appreciated, as the illustrations aid materially. 
He discusses the advantages, results and complications of the operation 
and gives the following summary and conclusions: 

“The technique for iridocorneosclerectomy which has been described 
possibly combines the best features of the Lagrange iridosclerectomy 
(the broad filtering scar and complete basal iridectomy), the Elliot 
trephine operation (the excision of part of the cornea which tends to 
maintain filtration), and the Holth punch operation (a ragged wound 
which favors filtration), and in addition the excision of tissue in the 
angles of the wound and the complete closure of the conjunctival wound 
over a bleb of salt solution. The procedure has been used in, and 
seems to be applicable to, the treatment of practically all forms of 
acute and chronic glaucoma, whether primary or secondary. 

“Tridocorneosclerectomy usually produces a more evenly diffused, 
filtering cicatrix than the single fistulous bleb of the trephine operation. 
Although the trephine wound may filter, the conjunctival covering may 
hecome so thin that rupture and infection occasionally occur. Crushing 
the edges of the conjunctival wound in combination’ with suturing pro- 
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duces complete conjunctival closure which permits early, firm massage. 
Ballooning of the conjunctiva and the omission of the dressing also aid 
in maintaining drainage.. Complete closure of the wound reduces the 
danger of exogenous infection to a minimum and leads to early 
reformation of the anterior chamber and restoration of normal intra- 
ocular relations. This encourages drainage of the intraocular fluids 
through the normal channels. 


“Successful results following iridocorneosclerectomy were recorded 
in 86.8 percent of the 38 unselected eyes with primary glaucoma, in 
73.1 percent of the 26 eyes with secondary glaucoma, and in 75 percent 
of the four eyes with acute glaucoma.” W. S. REESE. 


ROENTGEN [IRRADIATION OF EYES BLIND FROM ABSOLUTE GLAUCOMA. 
W. Krersic, Wien. klin. Wchnschr. 49: 843, 1936. 


Following a review of the literature on the use of roentgen rays 
in the treatment of glaucoma, Kreibig says that at the Roentgen Insti- 
tute of the Vienna General Hospital roentgen treatment is given in 
repeated small doses. At intervals of two or three days 50 roentgens 
is administered until a total of 150 roentgens has been reached. After 
that the treatment is interrupted for one or two weeks, and then 
further series are administered according to need. This method of 
treatment has never caused injurious results. In a considerable num- 
ber of cases the therapy has proved beneficial in that it reduces the 
pain. However, there has been no essential reduction in the intra-ocular 
pressure, although other investigators have observed a reduction after 
roentgen treatment. To be sure, Kreibig occasionally found slight 
reductions in pressure, but they were not sufficient to explain the eff- 
cacy of the rays. He therefore is inclined to agree with Hensen and 
Schafer, who ascribe the efficacy of roentgen therapy to the fact that 
the rays render the eye insensible. After giving short histories of cases 
of glaucoma in which roentgen treatment was employed, he concludes 
that a trial of this form of therapy is justified in the treatment of 
painful absolute glaucoma. He admits that the treatment fails in some 
cases but emphasizes that patience is necessary, for frequently the 
improvement does not become noticeable until six or more irradiations 


have been applied. From J. A. M. A. (W. ZENTMAYER.) 


Injuries 


SUBJECTIVE OCULAR DISTURBANCES FOLLOWING CRANIAL TRAUMAS. 
AUBINEAU, Ann. d’ocul. 173: 205, 1936. 


The cranial traumas which Aubineau describes were incurred for 
the most part in automobile accidents by twenty-one persons, who 
showed more or less prolonged unconsciousness and no open wounds. 
One of these disclosed injury of the optic nerve; two, isolated paralysis, 
and two, disturbance of associated movements. All had subjective ocular 
disturbances, which Aubineau stresses from the morphologic and the 
medicolegal point of view. 
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All persons with cranial traumas should be submitted to complete 
neuro-ocular examination. Craniocerebral injuries may present objec- 
tive and subjective ocular disturbances. 

The subjective symptoms, identical in themselves and distinct from 
psychoneurotic troubles, seem to accompany in a constant manner “the 
closed cranial traumas with loss of consciousness.” These have an 
organic foundation, imperfect but real, which necessitates a reserved 
prognosis. 

From the medicolegal point of view the objective ocular symptoms 
call for “specific conclusions” on the part of the ophthalmologist. The 
subjective ocular disturbances should on the contrary be looked on from 
the point of view of a “commotional syndrome,” as one of its mani- 


festations. S. H. McKee. 
Lens 


DAMAGE TO THE LENS THROUGH ULTRAVIOLET Rays. W. Rour- 
SCHNEIDER, Arch. f. Ophth. 135: 282 (March) 1936. 


The question whether or not ultraviolet rays can do damage to the 
lens has not been definitely settled. Employing rabbits and guinea-pigs, 
Rohrschneider focused ultraviolet rays from the mercury vapor arc in 
quartz on the anterior segment of the eye. In both species he was able 
to produce lenticular opacities besides the well known corneal reactions 
to radiation. The guinea-pig’s cornea turned out to be more sensitive to 
ultraviolet rays because it is more permeable to such rays than the 
rabbit cornea. The effect on the lens depended on the intensity of the 
rays which reached the lens. The lenticular opacities were located in 
the pupillary portion of the anterior layers. Lens damage of the lowest 
degrees was reversible. Radiation of greater intensities produced per- 
manent opacities, which were gradually pushed into the deeper layers 
by the apposition of new, undamaged lens substance. The negative 
results of previous investigations were due to an insufficient source of 


ultraviolet rays. P. C. KRoNFELD. 
Lids 


HYPERTROPHY OF THE PALPEBRAL TARSUS, FACIAL INTEGUMENT AND 
EXTREMITIES OF THE Limps ASSOCIATED WITH WIDESPREAD 
OsTEOPERIOSTITIS: A New SynpromMe. J. N. Roy, Ann. d’ocul. 
173: 637 (Aug.) 1936. 


Roy first saw the patient in consultation ten years previously for 
a condition of the eyelids which clinically looked like hyaline degenera- 
tion. There was no evidence of trachoma, but the conjunctiva was 
adherent everywhere to the hypertrophied tissue. The lower lids were 
increased in volume but remained in contact with the eyes. In addition 
there was hypertrophy of the facial integument and of the extremities 
of the limbs. The patient also suffered from widespread changes in 
the long bones and skull. The exterior aspect was that of acromegaly. 

Roy believes that the patient presents hyperplasia and degeneration 
of certain connective tissues, especially of the tarsus of the eyelids. 
An extensive pathologic report from Masson is given, and the article 
is well illustrated. S. H. McKee. 
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Neurology 


OsciLLopsiA: A New Symptom COMMONLY OccURRING IN MULTI- 
PLE ScLEROSIS. R. BrICKNER, Arch. Neurol. & Psychiat. 36: 586 
(Sept.) 1936. 


A new symptom, oscillopsia, is described, which occurs commonly 
but not exclusively in patients with multiple sclerosis. It is an apparent 
perception of oscillation in visualized objects. It occurs only on walk- 
ing or on fixation of the gaze. A variant of the symptom is diplopia 
elicited by walking ; the diplopia may occur concomitantly with or inde- 
pendently of the oscillating sensation. 

The mechanism of the symptom is only partly understood. The 
oscillations seen by the patient correspond to movements of the eyes 
or of the head, but why these movements, which may be quiescent 
during rest, are induced by walking can only be surmised. The author 
considers three possibilities, namely: 1. The symptom may be con- 
sidered an intention tremor. 2. It may result from impairment of the 
conjugate gaze, which may be accentuated by walking. 3. It may be 
associated with some abnormality in the vestibulo-ocular pathways 
which is accentuated by the jarring that accompanies walking. 


R. IRVINE. 


Ocular Muscles 


A Case or HicuH EsopnHorta STUDIED BY EYE-MovEMENT PHOTOG- 
RAPHY. B. Crarx, Am. J. Ophth. 19: 503 (June) 1936. 


Clark gives the following summary and conclusions: 


“The binocular behavior of a patient with high esophoria was 
studied using an eye-movement camera which recorded the vertical and 
horizontal movements of both eyes with relatively high magnification. 
The data obtained were compared with those from a group of subjects 
having “normal” binocular balance. Although the data from one sub- 
ject cannot be considered conclusive, the following tentative conclusions 
appear to be justified: 


“1. In a reading situation an esophoric subject made greater over- 
convergence movements during the return sweeps to the beginning of 
the lines than did a control group, but these movements were smaller 
than those of a group with high exophoria. The average extent of the 
movement for the esophoric subject was approximately 2A. 


“2. The subject required on the average 3.9/25 seconds to complete 
the abductive corrective movement. 


“3. His eyes also over-converged during the saccadic movements 


within the lines, but this over-convergence was approximately the same 
as that obtained in an exophoric group. 


“4, The esophoric subject over-converged during all of the simple 
interfixation movements. This required abductive adjustments (aver- 
aging 2A for the two largest interfixation distances) during the initial 
part of the fixation. These over-convergence movements were not 
consistently different from those in a control group having “normal” 
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}inocular balance but were consistently smaller than those in cases of 
high exophoria. 


“5. The subject with high esophoria completed these divergence 
adjustments in approximately 5/25 seconds. This time did not differ 
reliably from the time required by those having high exophoria and 
the individuals with ‘normal’ binocular balance. 


“6. The eyes moved up and converged during the saccadic move- 
ments between the isolated words. This required a downward as well 
as an abductive movement during the initial part of the fixation. The 
average extent of the vertical component was 58.5 minutes, and approx- 
imately 2.5/25 seconds was required to complete it.” 


W. S. REESE. 


MOVEMENT OF THE Eves DurinG READING. H. Enters, Acta ophth. 
14: 56, 1936. 


Ehlers believes that it is possible to determine the number of eye 
movements in reading a line of print by simple observation of the eyes. 
He measured the length of a line of print which could be seen when 
the eyes fixed one letter and then recorded the number of movements 
which the subject made in reading a continuous line 5 meters in length. 
When he divided the total length of the line by the number of eye move- 


ments made he obtained a good agreement with the average length of line 
that the eyes could take in with one fixation. From this he concludes that 
during reading the eyes move exactly the number of times required for 
the recognition of all the letters of the text. He does not believe it is 
necessary to assume a complementary psychic process which fills in the 
letters that cannot be seen in any one fixation. F. H. Apter. 


Operations 


SPATULA ForcEeEPS IN HEINE’S OPERATION. P. F. ARKHANGELSKY, 
Sovet. vestnik oftal. 9: 117, 1936. 


In order to simplify the step of introducing the spatula into the 
anterior chamber in Heine’s operation Arkhangelsky constructed a 
combination of a spatula and forceps for fixation of the eyeball. It 
resembles de Wecker’s iris forceps scissors with the difference that 
its branches are made each like half a spatula. The spatula closed is 
introduced through the scleral incision into the anterior chamber, the 
eyeball being fixed at the same time at the limbus with the forceps. 
The pressure is then released, and the spatula is half opened; at this 
moment the pectinate ligament is torn, and the ciliary body is detached. 
The spatula is slowly removed half-opened, which aids the enlarge- 
ment of the detached surface of the ciliary body. ©. SrrcHEvsKa. 
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Orbit, Eyeball and’ Accessory Sinuses 


THE TOLERANCE OF LIGHT IN EXOPHTHALMIC GOITER. E. C. ALBERS 
and C. SHEARD, Am. J. Ophth. 19: 460 (June) 1936. 


Albers and Sheard make the following conclusions: 

“1. Persons with exophthalmic goiter are, in general, considerably 
more sensitive to or less tolerant of light than the average person who 
does not complain of intolerance for light nor ocular discomfort pro- 
duced by light under ordinary conditions. The data obtained give an 
average glare-out value of approximately 50 per cent of the average 
value for normally light-sensitive persons. 

“2. Intolerance of light in exophthalmic goiter is not influenced by 
or dependent on the visible spectral character (quality) of light. 

“3. There is, in general, a definite increase in tolerance of light 
and a reduction of photophobic symptoms subsequent to thyroidectomy. 
The average glare-out value for the group, investigated before and after 
operation, was increased more than 40 per cent.” 

W. S. REESE. 


Physiology 


LACRIMAL ELIMINATION OF SopIUM CHLORIDE. D. MICHAIL, Ann. 


d’ocul. 173: 715 (Sept.) 1936. 


Numerous studies have been made on the function of the lacrimal 
apparatus, but they have not up to the present made clear important 
physiologic questions. In the course of researches of Michail and his 
co-workers the attempt was made to determine the percentage of sodium 
chloride in tears in normal and in pathologic conditions. 

The mean rate of lacrimal elimination of sodium chloride for normal 
eves is 0.823 per cent. In acute diseases of the eyes the lacrimal elimina- 
tion of sodium chloride is lowered, while in chronic diseases of the 
eyes it is raised. This constitutes one of the most expressive facts in 
pathologic lacrimal function. The variations in the lacrimal elimination 
of sodium chloride due to the influence of pilocarpine, atropine, extract 
of lacrimal gland and the oculocardiac reflex show that this function is 
related to the lacrimal neurovegetative apparatus: Sympathetic exci- 
tation provokes elevation, and excitation provokes lowering, of the rate 
of lacrimal elimination of sodium chloride. Estrogenic substance in 
causing elevation of the rate of elimination acts as a sympathicotonic 
substance. Its action affects both sexes but is evident particularly in 
the female during the period of sexual activity. 


Injections of solutions of sodium chloride produce lacrimal sym- 
pathicotonic effects when they are given around the ocular region 
and amphotony when they are given in facial regions away from the 
eyes. Intramuscular injections of milk act simultaneously and in the 
same manner on thermogenesis and on the lacrimal elimination of 
sodium chloride, but the action may be a little more prolonged on the 
latter element. Sympathectomy in the pericarotid region causes a 
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lowering of the lacrimal elimination rate, which shows in an experimental 
manner the influence of the neurovegetative system on the lacrimal 
function. 


S. H. McKee. 


THE INTRA-OCULAR PRESSURE AND ITs INFLUENCE ON RETINAL CiIR- 
CULATION. J. SoBANSKI, Arch. f. Ophth. 135: 383 (May) 1936. 


It is difficult to give a definite upper limit for normal intra-ocular 
tension because high tensions have been known to be present in certain 
eyes for long periods without causing damage (hypertension without 
glaucoma) and losses of visual field occur in glaucomatous eyes without 
demonstrable elevation of tension (glaucoma without hypertension). 
Close observation of cases of both types, including frequent determina- 
tions of the arterial pressure in the retina, have led Sobanski to believe 
that primary as well as glaucomatous atrophy of the optic nerve is the 
result of circulatory disturbances in the retina; that is, the diastolic 
arterial pressure is relatively too low for the intra-ocular pressure pre- 
vailing in the particular case. Thus a persistent intra-ocular pressure 
of from 35 to 40 may produce no glaucomatous excavation or atrophy 
of the optic nerve if the diastolic arterial pressure is also elevated (over 
70 mm.). The (primary) atrophy of the optic nerve which develops 
as the result of normal intra-ocular but decreased arterial pressure is 
named pseudoglaucoma by Sobanski. He believes that a total excavation 
occurs only in true glaucoma and that here it always indicates that the 
intra-ocular tension was abnormally elevated for some time. 

It is the object of the treatment of glaucoma and pseudoglaucoma to 
reduce the intra-ocular pressure to a level at which the arterial pressure 
prevailing in the particular case suffices for an undisturbed retinal cir- 
culation. In the treatment of arterial hypertension in glaucomatous 
patients it should be remembered that lowering the general blood pres- 
sure may—ceteris paribus—endanger the retinal circulation. 


P. C. KRoNFELD. 


SIGNIFICANCE OF THE SIZE OF THE PUPIL FOR THE FUSION FREQUENCY 
OF INTERMITTENT LiGHT. S. WERNER, Acta ophth. 14: 28, 1936. 


Werner studied the fusion frequency in subjects with normal-sized 
pupils and with pupils made artificially miotic or mydriatic. He found 
that with the pupil miotic the light-adapted eye had a lower fusion 
frequency than normal, and that with the pupil artificially dilated 
the eye showed a higher fusion frequency than normal. 

These differences were due in part to the fact that with the smaller 
pupil the eye took longer to become dark-adapted than the normal, 
whereas with the dilated pupil it became dark-adapted much quicker 
than the normal. Another factor which entered was the different 
amount of light which passed through the eye at each flash, depending 
on the size of the pupil. 

Werner calls attention to the fact that in any work on the fusion 
frequency of patients one must always take into consideration the size 
of the pupil. It is necessary to control this in every piece of work. 


F. H. Apter. 
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Retina and Optic Nerve 


CHRONIC POSTOPERATIVE OR POSTTRAUMATIC RETINITIS (RETINITIS 
Serosa). B. SaAmuErs, Am. J. Ophth. 19: 493 (June) 1936. 


This paper is concerned with the pathologic changes in the retina 
that parallel those in the iris in cases of iritis serosa following operation 
or trauma. Samuels discusses the pathologic anatomy of these conditions, 
calling attention to the remarkable correspondence between the inflam- 
mation in the iris and that in the retina. He gives the following inter- 
pretation of the clinical aspects of retinitis serosa, based on the 
pathologic observations. 


“1. The diagnosis of atrophic globe, so often made in the histories, 
was not correct. It is true that some of these eyes may have exhibited 
hypotension, but that was due to infiltration of the ciliary body by 
lymphocytes, just as in an ordinary case of iridocyclitis. Some of the 
globes showed signs that the inflammation was subsiding, and it seemed 
that a few of them might have been saved. The essential symptoms of 
an atrophic globe, namely, membranes on the flat part of the ciliary 
body and detachment of the retina, were not present. It is unlikely 
that any of these eyes would have gone on to actual shrinkage. 


“2. The failing vision in these globes was due not to a detachment 
of the retina, but to the presence of a characteristic process in its stroma 
and in the papilla. 

“3. The reason assigned for the removal of most of these eyes, 
namely, fear of sympathetic ophthalmia in the fellow-eye, was justifiable 
in certain cases, inasmuch as out of 59 cases six, that is about 10 per 
cent, revealed the specific sympathetic infiltration in the choroid.” 


W. S. REESE. 


A CAsE or AcuTE UNILATERAL RETRO-BULBAR NEURITIS ASSOCIATED 
WITH NasaL-Stnvus Disease. R.R. JAMeEs, St. CLAIR THOMSON, 
LionEL CoLitepGce and H. G. Hopeson, Brit. J. Ophth. 20: 164 
(March) 1936. 


A man aged 72 had suppuration in the left maxillary sinus. Thomson 
drained the sinus through an opening in an empty molar socket. Two 
years later the rubber obturator had slipped into the cavity of the antrum. 
The left frontal sinus showed thickening of the mucosa and cloudiness. 
An endonasal operation was performed. There was occasional dis- 
charge of mucopus from the region of the left frontal sinus, and one 
year later vision in the left eye was rapidly reduced to perception 
only of hand movements. Examination by James showed the fundus 
to be normal. The visual field showed slight contraction in the upper 
nasal quadrant and a large central scotoma. A roentgenogram dis- 
closed thickening of the lining membranes of all the sinuses of the 
left side and of the posterior ethmoid cells and sphenoid sinus of the 
right side. A pulsating spot in the neighborhood of the ostium of 
the sphenoid sinus was seen. The anterior wall of this sinus was cut 
away and the posterior ethmoid cells opened by Colledge. Although 
the operation was done within five days no improvement in vision 
resulted. At the end of two months secondary atrophy was present. 
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It is inferred that the lesion of the optic nerve was due to direct 
spread of infection from a focus in the posterior ethmoid cells and 
sphenoid sinus, quite at the apex of the orbit. The authors believe the 
observation to be rare, as the great majority of patients with retrobulbar 
neuritis referred for examination prove to have disseminated sclerosis 
in an early stage or, sometimes, tobacco amblyopia. 


W. ZENTMAYER. 


I<TIOLOGY OF FAMILIAL DISEASES OF THE Optic NERVE. A. RIFAT, 
Ann. d’ocul. 173: 702 (Sept.) 1936. 


Subacute retrobulbar neuritis of Leber and familial and total atrophy 
of the optic nerve have an obscure etiology, and up to now it has not 
been possible to attribute any precise cause to these diseases. In the 
genesis of familial disease the role of syphilis has recently been stressed 
by Leredde, who because of its chronic character attributed to it a 
preponderant influence in the etiology of familial disease. It is also 
known that syphilis is the only hereditary and congenital disease that 
is transmitted to several generations. There exist in the literature 
some observations which suggest that Leber’s disease might be con- 
sidered a manifestation of hereditary syphilis. Buisson in his thesis 
of 1899 reported on a brother and a sister who presented a classic 
picture of this condition; five brothers and sisters had died young, and 
two others were born dead. In these cases syphilis can only be suspected, 
but the evidence points strongly to the probability of its presence. In 
1873 Schmidt-Rimpler reported cases of subacute retrobulbar neuritis 
in which the patients suffered from pigmentary retinitis. 

Rifat examined a family recently in which there were six chlidren 
living. Three presented, besides typical pigmentary retinitis, unquestion- 
able signs of hereditary syphilis. The observations of seven cases are 
then given in detail. Rifat believes that familial diseases of the optic 
nerve appear in three forms. The first is subacute retrobulbar neuritis 
of Leber. In this condition the lesions affect only the macular branch of 
the optic nerve. The onset is usually around the age of from 20 to 30 
vears ; the condition progresses for a year or two, then remains station- 
ary and is never cured. The second form is familial atrophy of the 
optic nerve, which affects all the branches of the optic nerve. Absence 
of a central scotoma and peripheral shrinking of the visual field differ- 
entiate this condition from the disease of Leber. There is partial blind- 
ness, which rarely progresses to complete blindness, and this is asso- 
ciated with mental retardation. The third form is familial congenital 
atrophy of the optic nerve, a condition which exists at birth and usually 
involves several members of the same family in the same generation and 
in successive generations. Syphilis should be searched for in a systematic 
manner by all the methods at one’s disposal in all cases of familial disease 


affecting vision. S. H. McKee. 


A CAsE oF EXUDATIVE RETINITIS WITH ANGIOMAS (CoaTs’ DISEASE) 
IN A CHILD OF Five Years. M. A. Dottrus, Bull. Soc. d’opht. 
de Paris, April 1936, p. 308. 


The patient had sudden loss of vision in the left eye. The eye had 
been divergent for the past two years. The right eye was normal with 
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10/10 vision. The pupil of the left eye was in semimydriasis, regular 
but nonreactive to direct light, and the vision was 0. The coexistence of 
exudative retinitis, detachment of the retina, deposits of cholesterol and 
small miliary aneurysms corresponds exactly to Coats’ description. 
Dollfus asks advice as to the treatment of the condition. A drawing 
of the fundus is included. L. L. MAYER. 


RETINITIS PIGMENTOSA: NoTES ON ETIOLOGY AND THERAPY. M. 
Mecca, Ann. di ottal. e clin. ocul. 64: 172 (March) ; 252 (April) 
1936. 


Mecca reviews the literature on the etiology and histopathology of 
retinitis pigmentosa. He first reports nine cases seen in the clinic of 
Bari, Italy, in which the ordinary examination disclosed nothing as to 
etiology. The five later cases were studied more intensely, and he 
believes certain conclusions can be drawn from the findings and thera- 
peutic results. In one case there was evidence of serous meningitis with 
increased intracranial pressure. After two spinal punctures and several 
courses of treatment with acetylcholine (0.1 Gm. given subcutaneously 
usually every day) the vision improved from 4/10 in the right eye and 
3/10 in the left to 7/10 in the right and 8/10 in the left. The patient 
complained of recurrences of headache. Vision decreased to some 
extent. Following a second spinal puncture and further injections of 
acetylcholine the vision returned to the figure previously reported, the 
visual fields showing a corresponding increase. The improvement was 
maintained for a year after all treatment had been suspended. In the 
third and fifth cases a condition of glandular imbalance, especially 
ovarian insufficiency, was considered to be present. The use of 
acetylcholine in one of the cases resulted in improvement of vision from 
4/10 and 2/10 to 7/10 and 6/10, with corresponding improvement in the 
fields. In the fifth case the improvement was much slighter. In two 
other cases typical attacks of migraine were experienced, thought to be 
due to vasomotor instability, and in these cases, also, definite improve- 
ment followed the use of acetylcholine. Mecca believes that a careful 
examination of cases seen in the early stages, including roentgen study 
of the skull for signs of increased intracranial pressure, will disclose 
information of value and that there exists a possibility of improvement 
in some early cases. Believing that a continued vasomotor spasm is 
responsible in most of these cases, he injected a 1: 1,000 solution of 
epinephrine into the vitreous of rabbits and dpparently observed the 
appearance of pigmented spots in the fundus of such animals within a 
period of from twenty-five to thirty days. 

The articlesis supplied with a bibliography. S. R. Girrorp. 


GoNnIN’s OPERATION FOR DETACHMENT OF THE Retina. D. Dtaz 
DomincueEz, Arch. de oftal. hispano-am. 36: 225 (May) 1936. 


Diaz operates according to Gonin’s primitive procedure. With 
Amsler, he considers the ophthalmoscope the instrument most important 
for this work. He stresses the requirement of accurate localization of 
the tear after careful and repeated examinations in each of the differ- 
ent meridians under mydriasis with plane and concave mirrors, sup- 
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plemented by perimetric examination, tonometry and investigation by 
means of the slit lamp. He usually incises the sclera with a cataract 
knife and cauterizes with a 2 mm. thermocautery or galvanocautery 
point. In a single case in which these were not available he used a red 
hot squint hook. As most of his patients were ambulatory, his post- 
operative requirements were not so rigorous as those of Arruga. In 
only two cases was a second operation necessary. 

He reports in detail seventeen cases. In nine there were complete 
reapplications of the detached retina. In one there was a reduction in 
the extent of the detachment. In seven the operation failed ; the causes 
of failure were: aphakia, traction by the vitreous, nonlocalization of 
the tear, the too great extent of the tears, opacity of the vitreous, 
degeneration of an old detachment and too intense and too prolonged a 


cauterization. C. E. FIntay. 


TaBETIC Optic ATROPHY AND Its TREATMENT. J. SOBANSKI, Arch. f. 


Ophth. 135: 401 (May) 1936. 


In the ophthalmologic clinic of the University of Warsaw tabetic 
patients with and without atrophy have been thoroughly 
studied with regard to the retinal circulation. In the majority of 
the patients with optic atrophy “there prevails a low diastolic, 
general as well as local, arterial and a relatively high intra-ocular 
pressure.” In the tabetic patients without optic atrophy the arterial 
pressure is relatively high. “These data prove unambiguously that 
the occurrence of optic atrophy during the course of tabes is closely 
connected with the state of the circulatory system or rather with the 
height of the diastolic pressure. The conditions prevailing in pseudo- 
glaucoma are analogous.” Sobanski concludes that tabetic optic atrophy 
is the result of a disturbance of the retinal circulation and has treated 
patients with the condition accordingly. In the majority of them cyclo- 
dialysis was performed to lower the intra-ocular pressure. The others 
received miotics and general or vascular tonics. In addition, anti- 
syphilitic treatment with bismuth and arsphenamine was given to every 
patient on the assumption that the vascular hypotension was the result 
of a specific syphilitic cardiovascular disease. It seems as though this 
combination of local and general measures gives, on the whole, better 
immediate results, as judged by the function of the optic nerves, than 
any other method now in use. Antisyphilitic treatment of tabetic 
optic atrophy without careful consideration of the retinal circulation is, 
according to the author, a grave mistake. P. C. KRonre p. 


THE GENERAL AND OPHTHALMOLOGIC SIGNIFICANCE OF CHOKED Disk. 
H. Serr, Arch. f. Ophth. 135: 431 (May) 1936. 


This review represents part of a symposium on tumors of the brain 
held in Halle, Germany, in December 1935. The differential diagnosis 
between choked disk, neuritis and optic neuritis is discussed in detail. 
Baurmann’s method of estimating the intracranial pressure by deter- 
mining the retinal venous pressure may be based on a correct principle 
but does not always yield a correct result. P. C. KRonFELp. 
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FURTHER OBSERVATIONS ON THE TREATMENT OF ATROPHY OF THE 
Optic NERVE WITH RETROBULBAR INJECTIONS OF ATROPINE. G. 
SprRINGowITscH, Klin. Monatsbl. f. Augenh. 96: 342 (March) 
1936. 


The results obtained with retrobulbar injections of atropine in 
twenty-eight patients suffering from atrophy of the optic nerve were 
previously reported by Springowitsch (Klin. Monatsbl. f. Augenh. 
90: 343 [March] 1933; abstr.. ARcH. OpHTH. 11: 1074 [June] 1933). 
A new series is added in this paper. One hundred and twenty-one 
eyes were treated in seventy-four patients. The injections were borne 
well, and the eyes were free from any noticeable changes after two 
or three days. In some patients acetlycholine or an extract from pan- 
creas was used instead of atropine. No results were obtained in nine 
patients; of these, six received retrobulbar injections of atropine, two 
acetylcholine and one the extract from pancreas. In thirty-one patients 
the atrophy of the optic nerve was due to syphilis, in seven to tumor 
of the hypophysis, in five to intoxication with methyl alcohol, in four to 
trauma, in three to multiple sclerosis, in two to general sclerosis and in 
one to typhus exanthematosus. The cause was unknown in twenty-one 
patients, and these obtained the best results ; next those with atrophy of 
the optic nerve following intoxication by methyl alcohol, and then those in 
whom the condition was due to trauma and multiple sclerosis. The 
vision rose after the first injection in most of those patients who 
responded to the treatment ; three or four injections were given in some 
cases. Deterioration of the vision was observed in no instance during 
the treatment. The result was not dependent on the etiology. The 
results obtained remained unchanged during the two to four years of 
observation in most of the cases, and vision improved in some cases 


during this time. K. L. Stor. 


HoLe IN THE MAcCULA OF DENTAL ORIGIN: REPORT OF A CASE. 
P. Krewe and J. Ren, Klin. Monatsbl. f. Augenh. 96: 448 (April) 
1936. 


The scarcity of publications on holes, hyperemia or pigmentation 
in the macula of dental origin is cited and the report of a case is added. 
A woman aged 37 complained of periodically impaired vision in one 
eye; a circular faintly pink spot was observed in the macula. Dense 
pigmentation surrounded this spot. It represented a slight papillo- 
retinitis with a macular change resembling a hole. After ruling out 
every other possible focal source a collateral molar tooth was extracted. 
Vision increased and papilloretinitis disappeared, but secondary pig- 
mentation developed in the center of the fovea after the appearance of 
the macula had remained unchanged for about nine months. Examina- 
tion by red-free light and the sedimentation test of the blood corpuscles 
were a valuable help in the differential diagnosis. 

Bm. £.. Sets. 
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VALUE OF ROENTGEN DIAGNOSIS IN UNEXPLAINED DISEASES OF THE 
Optic NERVE: Report oF CASES. H. GASTEIGER, Klin. Monatsbl 
f. Augenh. 96: 589 (May) 1936. 


In the first chapter of his paper Gasteiger reviews the literature in 
point. He then reports six cases of disturbances of the optic nerve 
and illustrates the subject with charts of the fields of vision and 
sketches after roentgenograms of the internal carotid artery, the sella 
turcica and other portions of the skull and brain. He considers the 
glaucoma without tension and other pathologic changes of the optic 
nerve in these cases as resulting from sclerotic processes in the 
blood vessels. The great value of roentgenograms is pointed out. Even 
eventual statistics showing calcification of the carotid artery without 
disturbances of the optic nerve would not testify against a probable 
connection and simultaneous occurrence of lesions of the optic nerve 
and retinal changes of the type of senile macular degeneration with 
calcification of the carotid artery. K. L. Srott. 


. STASIS AND CYANOSIS OF THE RETINA IN DISEASES OF THE BLoop 
AND BLoop CIRCULATION: REPORT OF A Case. G. JANCKE, Klin. 
Monatsbl. f. Augenh. 96: 605 (May) 1936. 


Jancke reviews the literature on changes of the fundus accompany- 
ing general cyanosis from the first publication by Herman Knapp in 
1861 to date. In an attempt to clear the etiology by means of these 
publications and of his own experience he asks these questions: Are 
all the divers fundus changes that are comprised under the term 
“cyanosis of the retina” caused by changes in the composition of the 
blood in primary or secondary polycythemia? Or must the retinal 
changes in primary polycythemia be separated from those occurring in 
secondary polycythemia, and is the latter form due to any kind of 
simultaneous lesions affecting the blood circulation? 

A case in point is reported. It occurred in a woman aged 36 who 
presented severe stasis of the veins of the retina, edema of the retina 
and disk and extensive retinal hemorrhages. The retinal arteries were 
normal. The patient suffered from cyanosis of the upper portion of 
the body, severe dyspnea and relative insufficiency of the heart with a 
possible mitral lesion. Polyglobulia was absent. Jancke termed this 
syndrome “‘stasis of the retina.” 

He arrives at the following conclusions: 1. Cyanosis of the retina 
may develop from genuine primary polycythemia. Cyanosis of the 
retina is evidenced by dark bluish discoloration of the retinal vessels and 
ot the fundus, which is followed by secondary distention and tortuous- 
ness of the veins. 2. Contrary to previous opinions, stasis of the retina 
inay be present in ordinary stasis of the venous system of the upper 
portion of the body, such as emphysema and acquired cardiac lesions. 
Polyglobulia may be absent. Ordinary venous stasis, retinal hemor- 
rhages or severe edema of the retina and disk may be in evidence 
according to the severity. 3. Only the cases accompanied by poly- 
cythemia and insufficiency of the circulation may present severe stasis 
and a dark appearance of the fundus and of the vessels of the fundus. 
This condition hitherto termed “cyanosis of the retina,” should be called 
“cyanosis of the retina with retinal stasis.” K. L. Stott. 
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Trachoma 


A New MEDICATION IN THE TREATMENT OF TRACHOMA, ““TRACHOCID.” 
A. Loser, Ann. d’ocul. 173: 734 (Sept.) 1936. 


Those who work with trachoma in infected regions know how 
obstinate this disease is against all known treatment. Lobel publishes 
information about a new therapeutic agent, called trachocid, with which, 
he says, one may successfully combat this severe disease, the despair 
of both the physician and the patient. Since Brecher in 1935 published 
his observations on the use of the trachocid, Lobel has been experi- 
menting with this method. 

Trachocid is derived from animal toxin (“immenin” of Kretschy 
la bee venom] and venom of the serpent) rendered completely atoxic 
and nonirritating by a special chemical process. The author has used 
trachocid in eight cases and, he believes, with complete success. The 
only case of trachoma in which this agent was ineffective was one 
with associated old pannus; in all the other cases the patients improved 
rapidly, with striking cures. 


The technic of making the injections is simple: After the bulbar con- 
junctiva has been anesthetized with epinephrine and cocaine, trachocid is 
injected around the limbus, and if one wishes to use it on the palpebral 
conjunctiva one injects it into the superior or the inferior cul-de-sac. 
These injections may be made daily or every second day until fifteen 
injections have been given. S. H. McKee. 


FURTHER ANATOMIC AND EXPERIMENTAL RESEARCH ON TRACHOMA. 
A. CUENop and R. Natar, Rev. internat. du trachome 13: 129 
(July) 1936. 


Rickettsia-like bodies are demonstrable in trachomatous tissues, but 
only in very thin, perfectly stained sections. Following the technic 
used in the study of typhus, these bodies were successfully cultured 
in the intestines of living lice. Control inoculations of material from 
areas of follicular conjunctivitis gave negative results. Furthermore, 
the organisms thus cultured from the trachomatous material were suc- 
cessfully inoculated in the conjunctiva of monkeys. It is hence possible 
that lice may be either an agent in the transmission of trachoma or a 


reservoir of the trachoma virus. J. E. LEBENSOHN 


TRANSMISSION AND CULTURE OF THE AGENT OF TRACHOMA. L 
PoteFF, Rev. internat. du trachome 13: 153 (July) 1936. 


After intra-ocular inoculation of the virus of trachoma in chickens 
and rabbits rickettsia bodies were revealed in the sections. Such bodies 
are possibly a stage in the evolution of the Prowazek bodies. 


J. E. LEBENSOHN. 
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Tumors 


(GLIOMA RETINAE TREATED BY RADON SEEps. H. B. STALLARD, Brit. 
M. J. 2: 962 (Nov. 14) 1936. 


Stallard has had the opportunity of studying the effects of a 3.5 
millicurie radon seed inserted through the sclera into an eye with an 
extensive mass of glioma. The seed was left in place for ten days, 
and then the eye was removed. The effective range of radon action in 
this case was from 3 to 4 mm. in all directions around the site of the 
seed. 

The present practice in Foster Moore’s clinic at St. Bartholomew’s 
Llospital is to use radon seeds of 1 or 2 millicuries in strength, screened 
by platinum 0.5 mm. thick with a thin groove filed around the center 
of the platinum envelope for the purpose of retaining a 000 black 
silk suture. The seed is sewn to the exposed sclera at the desired site. 
From one to four seeds have been used at a time. The details of this 
technic will be found in the papers mentioned in the bibliography of 
this article. 

A case is reported of a boy 2 years and 7 months old whose eye 
had been excised for glioma retinae in July 1934. At this time the 
right eye was found to contain a mass in the lower nasal quadrant. 
The family history is interesting and should be read in the original 
article. Four radon seeds of 2 millicuries were attached to the sclera 
over the site of the neoplasm between the 3 and 6 o’clock meridians 
just behind the equator and at intervals of from 7 to 8 mm. on the 
sclera. This was done on Aug. 21, 1934, with the patient under a 
general anesthetic. Ten days later the radori seeds were removed, and 
no evidences of scleral necrosis were found. During two months after 
the irradiation the growth diminished definitely in size, and at the end 
of this period the main mass in the lower nasal quadrant was represented 
by a dense white plaque of scarring with sharply defined edges 1.5 
im. in diameter. Posterior to this were typical pigmentary disturbances 
of the fundus such as occur after radium treatment. It took about four 
months for the oval island of glioma in the 3 o’clock meridian to dis- 
appear and to be replaced by scar tissue. The edges of the conjunctival 
incision healed in from three or four months. A year and one month 
after application of the seeds the optic disk was slightly blurred, and a 
reddish spot surrounded by a grayish exudate, was noted at the macula. 
On March 16, 1936, a few retinal hemorrhages were seen below the 
macula, and there was a little blood mixed with the vitreous near the 
ora serrata at about 5 o’clock over the scarred site of the main mass 
of the neoplasm. 

For two years after treatment with radon seeds there has been no 
clinical evidence of any glioma retinae anywhere in the eyeground, and 
no other signs:of a recurrence of the neoplasm were found. 

The child is well enough to see to play with ordinary toys and with 
other children. His health has remained good; his weight has increased, 
and his development is normal. 

Though it is too soon to offer a definite opinion as to the prognosis, 
there is a reasonable basis for hope. The case is an instructive one, 
and the reports should be read in the original. A. Knapp. 
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A PECULIAR TUMOR OF THE Optic Disk. E. PuRTSCHER, Ztschr. f. 
Augenh. 88: 217 (Feb.) 1936. 


The right eye of a 76 year old man showed a single, nearly spherical 
tumor covering the upper temporal quadrant of the optic disk and 
extending 3 diopters into the vitreous. It was grayish red and partially 
covered by small dilated capillaries that disappeared into the tumor 
tissue. There was an increase in its red color synchronous with the 
retinal venous pulsation, and it could be made completely anemic by 
pressure on the globe. No direct venous or arterial connection could 
be seen, but its base lay in close connection to the vascular opening in 
the cribriform plate. There was no evidence of pressure on the retinal 
vessels. The vitreous in the region of the tumor was clear, but 
there were fine reflex lines running from the top of the tumor toward 
the upper temporal and nasal quadrants. No change was seen in the 
tumor during eight months of observation. The tuberculin and Wasser- 
mann reactions were negative, and except for signs of moderate arterio- 
sclerosis there were no general pathologic findings. 

An extensive review of the literature in an attempt to classify this 
tumor showed that it did not belong to the usual classification of inflam- 
matory granulomas, cysts, drusen or hyaloid rests but that it probably 
represented either a senile fibroma or a benign vascular nevus arising 
in the glial or connective tissue surrounding the blood vessels. 


H. GIFForD Jr. 


Uvea 


CONGENITAL AND FAMILIAL CysTsS AND FLOCCULI OF THE IRIs. A 


Cowan, Am. J. Ophth. 19: 287 (April) 1936. 


Cowan reports congenital cysts and flocculi of the iris in a woman 
aged 32, her deceased sister (not examined) and the latter’s daughter 
and son. The observations in three of these persons are described, 
and illustrations show the iris in each eye before and after mydriasis. 
The cysts varied in size depending on the size of the pupils. At times 
they fell into the pupillary space and interfered with vision. Cowan 
thinks that these may not be cysts but merely pouches or sacs formed 
between the two layers of the pigmented epithelium of the iris. 


W. S. REESE. 
Vision 


Monocutar Vision. F. CANELLA, Compt. rend. Soc. de biol. 122: 
1221, 1936. 


Young animals were blinded in one eye and their subsequent reac- 
tions studied. The subjects of experiment included various represen- 
tatives of fish (river trout, carp, stickleback), amphibians (frogs, aquatic 
salamanders), reptiles (lizards, chameleons), birds (kites, sparrows. 
chicks) and mammals (mice, kittens). The more the eyes approached 
the axial plane the less was the influence of the blinding of one eye. 
The principal result of monocular vision is a reduction of the total visual 
field; the perception of depth and relief is apparently not appreciably 


altered. J. E. LeBensoun. 
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|NFLUENCE OF THE SHAPE OF OBJECTS ON STEREOSCOPIC Vision. V. G. 
Samsonowa, Arch. f. Ophth. 135: 30 (Jan.) 1936. 


Of pairs of identical objects of varying shape, viz., stars, squares, 
circles, rhombi, etc., located 5 meters from the observer and 7 arc minutes 
apart, one object of each pair was gradually moved farther away until 
the observer noticed a difference in depth. Thus the influence of shape 
on the acuity or threshold of depth perception was determined. The 
results obtained from twenty-five observers brought out fairly compli- 
cated relations between the length of the circumference, the height-width 
quotient and other details of the object, and the acuity of depth 


perception. P. C. KRonFELD. 


Toxic Amblyopia 


ACETYLCHOLINE IN Topacco AmBtyopia. H. C. Orr, Brit M. J. 
2: 69 (July 11) 1936. 
Orr bases his use of acetylcholine in the treatment of tobacco 
amblyopia on early observations made by Parsons and by de Schweinitz, 


and on clinical reports by Pflimlin and by Duggan, both of whom used 
sodium nitrite intravenously for this condition. 


In four cases Orr treated tobacco amblyopia with intramuscular 
injections of acetylcholine. In most of the injections he used 0.1 Gm. of 
the drug and at the onset of treatment gave the injections daily. He 
summarizes the visual results as follows (the periods of observation 
include the first day of treatment) : 


Case 1.—A man of 63 years had failing vision for at least one year. 
When he was examined by Orr, the vision was 1/60 in each eye. After 
ten daily injections it was 6/18, and after twenty more daily injections 
it was 6/12, in each eye. Fourteen days later he had vision of 6/9 
and of Jaeger’s test type 1 in each eye. 

Case 2.—An elderly man had failing vision for two years. The 
vision was 1/60 in each eye, and the disks were pale and atrophic. After 
ten daily injections the vision was 6/9 in each eye. Twenty-five days 
later, during which time he received four more injections, the vision was 
6/12 in the right eye and 6/6 in the left. 


Case 3.—A man of 60 years had noticed failing vision for a long 
time. The vision was 4/60 in each eye. After eleven daily injections the 
vision was 6/60 in each eye. On the eightieth day of observation, 
previous to which time he had received a total of approximately thirty- 
one injections, the vision was 6/12 in each eye. 


Case 4.—A man of 72 years who had high blood pressure com- 
plained of loss of sight after a recent illness. The vision was 6/12 
in each eye, and the retinal vessels were narrowed and sclerotic. Fol- 
lowing six daily injections the vision was 6/6 in each eye on the seventh 
day, and all colors except blue were recognized centrally. Two weeks 
later this defect had also disappeared. 


The author closes his article with the suggestion that other observers 
try acetylcholine in the treatment of tobacco amblyopia. 


W. F. DuGGan. 
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CoLOBOMA OF THE Optic NERVE AND CHoroID: REpoRT oF Two 
Cases. Dr. HENRY O. SLOANE. 


A. Coloboma of the Iris, Retina, Choroid and Optic Nerve.— 
R. F., a youth 17 years of age, had a negative family history and a 
negative past history except for misplaced kneecaps. 

On examination the right eye showed no abnormalities either 
externally or internally, and vision was 20/15. In the left eye there 
was a coloboma of the iris 4 mm. wide, which was complete in its 
lower sector, extending between 5 and 7 o’clock. There appeared to 
be a few faint opacities on the anterior capsule of the lens, opposite 
the site of the coloboma. The optic disk appeared oval, well defined and 
of good color, with a pigment ring on the nasal side. Just below the 
disk and occupying almost the same amount of space there was .an 
excavation of the optic nerve sheath, extending to a depth of about 
3 diopters. A small retinal artery was seen coming down from the 
center of the papilla and dipping into this excavation. A cilioretinal 
vessel was also present and was looped around the lower temporal 
edge. Lying deep in the excavation, the central retinal vein (with the 
artery) was visible, coming forward and upward, crossing the edge 
of the excavation and continuing downward over the lower part of 
the retina. The excavation was grayish blue and much paler than the 
papilla above it. 

About 2 disk diameters below the edge of the excavation of the 
optic nerve sheath, there was a large coloboma of the retina and 
choroid, extending in a wide semi-elliptic shape as far down as ore 
could see. Surrounding tiie upper margin of this coloboma there was an 
area of dense pigmentation, and extending down for about one-half disk 
diameter there was a much thinner deposit of pigment, which was 
brownish. The coloboma was pearly white. No ridges could be detected. 
but several of the retinal vessels coursed over the coloboma, and one of 
the choroidal vessels appeared on the temporal side. Otherwise there 
was complete absence of tissue, so that the sclera was exposed. 

Central vision of the left eye was 20/40 with correction with a 
—0.75 sph. > + 1.50 cyl., ax. 45. The field was only partially con- 
tracted above and did not extend to the same extent as the size of the 
coloboma would indicate. This, according to Foster, is true in man\ 
cases in which the retina has been preserved. 
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B. Coloboma of the Optic Nerve-—A woman of 32 years gave a 
history of having been operated on at 10 years of age for strabismus, 
probably having had a tenotomy of the right internal rectus muscle. 
The right eye was divergent 15 degrees, and the eyes were unable to 
converge. The ocular excursions were limited somewhat on upward 
rotation. Under cover the left eye converged 10 degrees. Vision in 
the right eye was limited to counting fingers at 1 foot (30 cm.), eccen- 
trically. Vision in the left eye with correction was 6/6; the media 
of the left eye were clear, and the fundus was normal. 

Ophthalmoscopic examination of the right eye showed many fine 
opacities of the vitreous and a radiating opacity on the posterior capsule 
of the lens. The disk could not be seen, but in its place there was an 
excavated area, horizontally oval and grayish white. The retinal vessels, 
which were much attenuated, dipped over the edges of the excavation 
and were lost to view. About one disk diameter from the temporal 
edge of the disk on the temporal side were two broad bandlike areas 
of white tissue, which extended from the level of the upper margin of 
the disk and ran downward in a curved direction for a considerable 
distance in the retina. There were numerous areas of deposits of pig- 
ment throughout the retina, extending into the periphery. These deposits 
were of various shapes: Some were of the bone corpuscle type; others 
radiated in streaks, and still others were clumped together in masses. 
Several patches of choroiditis were scattered throughout the retina. 

The past history in this patient was negative. There was no family 
history of ocular disturbances. The Wassermann and Kahn tests were 
negative. 

Coloboma of the optic nerve itself is rare. In cases of coloboma of 
the optic nerve sheath the papilla is enlarged three or four times the 
normal size. In both the cases just reported the papillae were only 
slightly enlarged. However, in one there was a definite depression below 
the level of the papilla, measuring about 1 mm. or 3 diopters. As to the 
etiology of colobomas, it is usually conceded that the maldevelopment 
is due to failure of the ocular fetal cleft to close properly. Coloboma of 
the iris, choroid and retina, as well as other developmental defects, 
may be present. 

Coloboma of the iris was, according to Folk, met with in 198 of 
477,200 children; it was bilateral in 37 cases and occurred in the right 
eye 66 times and in the left eye 95 times. According to Waardenburg, 
the predisposition to coloboma of the iris is a dominant hereditary 
characteristic, but in certain instances it is a recessive characteristic. In 
cases of familial occurrence reported by Streatfield, DeBeck and Snell 
it was found that coloboma was present in several generations in each 
family. 

DISCUSSION 


Dr. WILLIAM ZENTMAYER: Folk recently reported the histologic 
observations in a case of coloboma of the choroid and point of entrance of 
the optic nerve. There was entire absence of the choroid and of the 
pigment epithelium of the retina. The remaining layers of the retina 
were present but malformed. There was no evidence of inflammation 
or of mesodermal strands. The defect about the papilla was found out- 
side of the nerve proper. Dr. Sloane’s patient appears to have skeletal 
“inomalies, long legs and fingers of the type seen in arachnodactyly. 
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It is of interest that about a year ago Sorsby reported on a family 
several members of which had macular coloboma associated with skeletal 
anomalies. The ocular and osseous changes are probably due to some 
fault in the mesodermal anlage. 


Dr. Burton CHAnceE: Did Dr. Sloane imply in his account of these 
colobomas that such eyes are prone to serious inflammatory processes? 
I have seen many cases of malformation of the uveal structures, yet 
I have always marveled that the eye was singularly free from postembry- 
ologic inflammation. 


Dr. Henry O. SLOANE: In answering Dr. Chance, I would say 
that the statement regarding the liability of these eyes to disease was 
derived from the study of Dr. Hird’s series of cases. In the two 
cases reported the first patient showed no inflammatory changes, while 
the second showed marked chorioretinitis, which was not due to the 
congenital changes associated with the coloboma. 


INTERRELATION OF CUTANEOUS AND OCULAR DISEASES. DR. JOSEPH 
V. KLAUDER. 


Lantern slides were shown illustrating the following cutaneous dis- 
eases which at times are accompanied by ocular lesions: 


Herpes Simplex.—This disease is seldom seen on the lids or as 
vesicles on the conjunctiva, but more commonly as corneal involve- 
ment known as keratitis dendritica. The iris may be involved. : 


Herpes Zoster—lInvolvement of the cornea occurs when the oculo- 
nasal branch of the trigeminal nerve is affected. In this event cutaneous 
lesions occur on the nose to its tip. 


Xeroderma Pigmentosum.—The lids frequently show lesions of the 
disease, with loss of the cilia. Conjunctivitis is present, associated with 
pigmented spots and telangiectasia, and the cornea is later involved. 
There are pigmented spots, lesions resembling phlyctenules, which when 
examined microscopically appear malignant. 


Acne Rosacea.—Conjunctivitis may be present, associated with 
lesions that may resemble phlyctenules. Superficial and deep infiltration 
of the cornea may occur. 


Mycosis Fungoides —The eyelids are frequently the site of tumors, 
with loss of the eyebrows. In rare instances there are infiltrates in 
the cornea. 


Essential Shrinking of the Conjunctiva.—This disease is unrelated 
to the cutaneous disease pemphigus. Some patients have associated 
shrinking of the mucosal membranes of the pharynx, urethra and anus. 
A similar process confined to the urethra, glans and foreskin in the 
male is known as balanitis xerotica. 


Neurofibroma (von Recklinghausen’s Disease).—This is not solely 
a cutaneous disease, and the lesions may be widespread. In some patients 
with neurofibroma there may be ocular defects such as buphthalmos 
and coloboma. Intracranial lesions may cause paralysis of the ocular 
muscles, inflammation or atrophy of the optic nerve or exophthalmos. 


Bloody Tears.—These invariably accompany cutaneous lesions known 
as the stigmas of the crucifixion. Mention was made of the present day 
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stigmatist Therese Neumann, of Konnersreuth, Germany, whom I 
visited and examined. 


Leprosy—Of 300 cases of the disease reported by Gyotoku, in 
71.3 per cent there was ocular involvement. Both eyes were involved 
in 60 per cent. The incidence of blindness was 19 per cent. The cornea 
was involved in 44 per cent of the total number of patients, in 52 per 
cent of patients with nodular leprosy and in 29 per cent of patients 
with the maculo-anesthetic form of leprosy. The parts of the eye involved 
in leprosy are, in the order of frequency in which they are affected: 
ihe brows, the lids, the sclera, the cornea and the iris. 


Tuberculosis—Involvement of the conjunctiva, cornea or tear glands 
may be present in patients with lupus vulgaris, scrofuloderma, lichen 
scrofulosorum (or papulonecrotic tuberculid) or sarcoid of Boeck. 


Molluscum Contagiosum.—Conjunctivitis may be present, with 
grouped follicles resembling those seen in trachoma or in follicular con- 
junctivitis. Infiltrates in the cornea are rare. 

Erythema Multiforme.—This disease was described by Fuchs as 
herpes iris conjunctiva. The condition occurs in a mild form as a 
simple inflammation, and in a severe form as membranous conjunc- 
tivitis, in which blindness may result. Involvement of all the orifices 
(along with conjunctivitis) in erythema multiforme is called ectoder-— 


mosis erosiva pluriorificialis by French writers. 

Lupus Erythematosus.—This disease involves the eyelids and, less 
commonly, the conjunctiva. On the margins of the eyelids the lesions 
superficially resemble those of blepharitis. The lesions are less red and 
inflammatory than those of blepharitis, and later the margins become 
atrophic, with permanent loss of the cilia. Conjunctival involvement 
of the lower or upper lids occurs, evidenced by velvet-like edema sharply 
marginated ; later, atrophy occurs, indicated by depressed areas which 
are white and dry. 

Vaccina.—This condition may appear on the eyelids; involvement 
of the conjunctiva is seen as an ulcer, rarely as vesicles or pustules. 
Corneal involvement occurs as keratitis disciformis. 





Dec. 17, 1936 


CuaARLES R. HEEp, M.D., Chairman 


ALEXANDER G. FEWELL, M.D., Clerk 


ANOMALOUS VENOUS DISTRIBUTION ON THE Disk. Dr. M. LUTHER 
KAUFFMAN. 


Miss M. B., aged 21, presented a central retinal vein formed by two 
main divisions, a superior one with two branches and an inferior one 
with three branches. A venous loop came off at right angles from the 
superior division at the border of the physiologic cup, extended in an 
arch around the cup toward the temporal side and joined the inferior 
division at an oblique angle, forming what appeared to be a venovenous 
anastomosis. 
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DISCUSSION 


Dr. WILLIAM ZENTMAYER: I believe this is an anastomosis between 
the inferior papillary and the superior papillary vein, both from its 
appearance and also from the fact that Dr. Randall published sketches 
of a number of venous anomalies and they were all anastomoses. 


FAMILIAL DysTROPHY OF THE CORNEA. Dr. ALFRED COWAN. 


A family consisting of a mother, aged 53, and three children, two 
girls and a boy, aged 27, 18 and 17, all showed a similar condition in 
the corneas of both eyes. Throughout the cornea, except for an area 
around the periphery, there could be seen a number of white lesions 
of various shapes and sizes, situated superficially, for the most part, 
but extending in several places down into the stroma of the cornea. 
The individual lesions were made up of fine white dots, and in many 
instances several dots seemed to have coalesced. A few were branched, 
taking on a certain type of coral formation; some had a fluffy appear- 
ance ; others were ringlike. Most of them were opaque, the others being 
more or less translucent on retro-illumination. The anterior and poste- 
rior surfaces of the cornea were regularly smooth, the epithelium being 
unaffected. Between the lesions were scattered a few fine granules, but 
generally the cornea was clear. The endothelium was unaffected. The 
rest of the eye was practically normal, except in the case of the mother, 
who had an associated immature senile cataract. The patients were 
healthy otherwise. 

The lesions ranged in size up to 3 mm. in diameter. Visual acuity 
was normal in each of the four patients except the mother, in whom it 
was reduced to 1/60 and 6/30, owing to the associated senile cataracts. 
It is probable that both the number and size of the lesions increase 
with age. This deduction was made because in the boy, the youngest 
of the group, the number and size of the lesions were least, while the 
number and size of the lesions were greatest in the mother. 

Two children of one of the daughters were examined; their corneas 
were clear. 

DISCUSSION 


Dr. WILLIAM ZENTMAYER: Ten years ago, in association with the 
late Dr. Calvin Rush, I reported the occurrence of Groenouw’s nodular 
dystrophy of the cornea in four generations, in which nine members 
were affected. The lesions resembled in every respect those in the cases 
presented by Dr. Cowan. I should like to ask whether in Dr. Cowan's 
cases the corneal nerves were enlarged and whether the nodules had 
any relation to their distribution. 


Dr. ALFRED Cowan: I do not believe that this condition is a dis- 
ease of the corneal nerves or that the nerves are more prominent or 
more numerous than in many other diseases of the cornea. This seems 
to be the consensus at the present time. 


A CASE OF OCULAR MUSCLE PALSIES ASSOCIATED WITH Toxic GOITER. 
Dr. C. E. G. SHANNON. 


A man aged 48, a milk driver, was admitted to the Jefferson Medical 
College Hospital on April 2, 1936, suffering from toxic goiter. He 
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exhibited tremor of both hands, palpitation of the heart, bulging of both 
eyes, diplopia, excessive perspiration and loss of weight. The blood 
count was normal, and the Wassermann and Kahn reactions were 
negative. 

Subtotal thyroidectomy was performed successfully by Dr. Bruce 
Fleming. The diagnosis, based on examination of the specimen, was 
reported by the laboratory as “‘adenomatous hyperplasia of the thyroid.”’ 
After the operation the swollen and edematous lids became quiet, but 
the diplopia and proptosis exist at the present time. 

At the first examination, on Dec. 4, 1936, the following vision was 
noted: right eye, 6/9 plus; left eye, 6/9. The pupils were equal and 
reacted freely to light and consensually. The tension was normal in 
each eye. The media and fundi were normal. Both eyes were proptosed, 
the exophthalmometer showing 23 mm. of protrusion on each side. 
The proptosis has not changed since the operation. The left eye was 
definitely deviated inward and downward. The Maddox rod showed 
esophoria of 30 degrees and hypophoria on the left of 26 degrees. 
Diplopia was obtained in all the cardinal directions except in the imme- 
diate lower field, indicating involvement of all the extrinsic ocular 
muscles. The power of divergence and accommodation was also affected. 
Various theories as to the basic cause of the involvement of the muscles 
were discussed. 

DISCUSSION 


Dr. WILLIAM ZENTMAYER: As in cases of marked exophthalmos 
associated with hyperthyroidism, the accompanying diplopia is now looked 


on by Naffziger, Foster-Moore and others as probably due to changes 
in the ocular muscles and not to nuclear or other innervational distur- 
bance. It would seem more safe to postpone operative procedures on 
the muscles until treatment directed to the hyperthyroidism has been 
given a longer trial. Benedict believes that recovery follows treatment 
of the thyroid condition in many of these cases. 


THe Four-Mtrrrorep HApPLoscoPe (A DESCRIPTION AND DEMONSTRA- 
TION). Dr. Watter I. LIL“ie and Ropert H. PeEckuAm, Pu.D. 


By paralleling the construction of the early stereoscopes of Wheat- 
stone, Helmholtz and Hering and by adding a method of telescopic 
observation of eye movement, a haploscope has been constructed at the 
Temple University School of Medicine which permits the investigation 
of squint and heterophoria and scrutiny of the theory of corresponding 
retinal points. The haploscope consists of two arms which rotate about 
vertical axes passing through the approximate centers of rotation of 
the patient’s eyes. Each arm carries two front-surfaced mirrors which 
present a doubly reflected image of the stimulus pattern to the patient’s 
eye. It is possible-to aline the optic axis of the instrument with the 
visual axis of either of the patient’s eyes independently. Attached to 
these two arms are telescopes with lenses giving 30 diameters magnifi- 
cation, permitting observation of movements of the eye of not less than 
Yo degree. 

The haploscope permits measurement of the angle of squint, of 
phorias and of ductions and the study of fixation, binocular fusion, 
retinal rivalry and stereopsis. Current investigations have given tenta- 
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tive information concerning some of these problems. It has been found 
necessary to measure the angle of squint both subjectively and objec- 
tively for several primary fixations to determine the nature of the mal- 
function. Following more complete investigation it is proposed to apply 
the haploscope to problems of orthoptic training. The study of move- 
ments of the eye during horizontal duction has shown that binocular 
disparity greater than 10 degrees can exist without preventing fusion 
and that in over half of the one hundred cases studied the measure of 
the power of the prism overcome is not a measure of the actual change 
in convergence. The study of cycloduction has revealed the fact that 
the fusion of simple stereoscopic pictures, when rotated about the visual 
axes, iS not accomplished by correlated ocular movement. It may be 
accomplished by the fusion of the horizontal and vertical components 
of binocular disparity. 
DISCUSSION 


Dr. ALFRED CowAn: Dr. Peckham deserves a great deal of credit 
for constructing this instrument, which should prove valuable for 
research along the lines for which it is meant. A simple type of instru- 
ment based on the principles of the Wheatstone stereoscope can be used 
with great advantage for the diagnosis and treatment of anomalies of 
ocular muscles. As a matter of fact, all the most expensive instruments 
are based on these principles. With the Brewster type of stereoscope the 
accommodation is eliminated, but this can be corrected in a Wheatstone 
instrument, and there is the added advantage that the distance of the 
object can be changed for one or both eyes and that the angle of the car- 
riers corresponds with the angle of the visual lines. 


In regard to the work already done with this instrument, it seems 


remarkable to me that fusion can still be obtained (it was obtained in 
several instances) with a deviation of 7 or more diopters. 
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RESULTS OF REMOVAL OF THE LENS IN HicH Myopia. Dr. Epwin B. 
DunpHy. 

For the relief of high myopia Joseph Higgs, of Birmingham, 
England, suggested depression of the lens, and Albrecht Haller in 1763 
advocated removal of the lens. Apparently the first ophthalmologist to 
accomplish extraction of the lens in myopia was the Abbé Desmonceaux, 
of Paris, who performed this operation in 1776. Apparently the opera- 
tion was not used generally by ophthalmologists until sixty years later, 
when it was revived by Fukala, of Vienna. It was then attempted by 
many surgeons, but later fell into disrepute because of infections, secon- 
dary glaucoma and detachments of the retina. 
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Recent reports of the operation are not numetous. Frohlich in 1920 
published 27 cases in which there were no complications. Pesme, of 
Bordeaux, in 1927 reported good results in 9 cases. O’Connor in 1933 
reported success of this operation in ten eyes. Elschnig in 1934 reported 
on 110 operations for myopia. He advised that patients under 10 years 
of age not be operated on, that only one eye be operated on at a time 
and that the second eye not be operated on until the eye that had first 
been operated on had been perfectly quiet for at least six months. The 
reason for this delay is the possibility of detachment of the retina, 
which may occur in any myopic eye. Elschnig stated that operation 
should be performed only if the myopia exceeded 10 diopters. His 
method consisted in making a discission in the lower half of the pupillary 
zone, so that, in case the lens swelled greatly, the upper half of the 
anterior chamber would remain deep enough to permit a keratome 
incision. In three or four days, when the lens had begun to swell, a 
keratome incision was made at the upper limbus, the remaining part 
of the capsule of the lens was lacerated, and the lens was evacuated 
by suction. Physostigmine was then instilled. If some cortical material 
remained after two weeks, the anterior chamber was again opened, and 
the material was expressed. If the second keratome incision was nec- 
essary Elschnig suggested that it be done in the meridian of the cornea 
having the greatest refractive power, thereby diminishing the astigma- 
tism preexistent to or caused by the first incision. In his 110 operations 
the incidence of prolapse of the vitreous was less than 5 per cent. 
There were no infections, no cases of secondary glaucoma and no cases 
of serious iridocyclitis. There were 2 cases of retinal detachment. 

The operation is contraindicated if any gross macular lesion can be 
seen through a dilated pupil or if the patient is able to wear a correcting 
glass which gives him vision of 20/50 or better. It must be borne in 
mind that, although an aphakic eye that was formerly emmetropic usually 
takes about a + 11.00 spherical correction, a myopic eye of 11.00 diop- 
ters will not be rendered emmetropic by removal of the,lens. It is 
necessary to have myopia of at least 18.00 diopters in order to obtain 
emmetropia after the operation. 

In reporting the successful removal of lenses from four myopes the 
value of this procedure to persons with high myopia was emphasized, 
and the suggestion was made that this procedure be more frequently 
used in suitable cases. 


OrTHOPTIC TRAINING. Dr. LEGRAND H. Harpy. 


An interesting review of methods of applying orthoptic training 
through the use of the synoptophore was presented. The use of occlu- 
sion was discussed, and the application of retinal massage by use of 
oscillating images and color stimuli in the treatment of amblyopia was 
described. The methods of handling false projection were outlined; 
each method was illustrated by the demonstration of the instruments 
used, and the technic applied. The value of securing and holding 
the interest of the child was stressed, as well as the need for patience 
and ingenuity of the trainer. Progress is often slow. Improved vision, 
stereopsis and parallelism of the visual axes are the goals. 
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RETINAL AND FuUNDAL HEMORRHAGES IN THE NeEw-Born. Dr. 
FRANCES RICHMAN, New York. 


This series of drawings of the fundus was shown recently at the 
1936 meeting of the American Academy of Ophthalmology and Oto- 
laryngology; the study was based on an ophthalmoscopic examination 
of 531 new-born infants when they were between 1 and 8 days old, and 
included the obstetric data concerning each mother. 


It was evident that the relationship between retinal hemorrhages 
and congenital amblyopia, with or without squint, could be solved only 
after the examination of large numbers of infants over a considerable 
period. 

Amazing differences were seen in the normal fundus of the new- 
born, just as they are seen in the fundus of the normal adult. The disks, 
for example, showed many variations. At least six groups could be 
distinguished, each having special characteristics. The most common 
was a disk of medium size having a well marked ring of pigment, either 
complete or partial. A disk of the same size without the border of pig- 
ment was next in order of frequency. A large or a small cup might 
be present in any type of disk. Two of the types found bore a strong 
resemblance to the myopic disk of the adult ; one of them had a scleral 
ring around it, the other had a pigmented crescent. 


A peculiar grayish tinge was definitely apparent in the disk of every 
new-born baby, due to myelinization, and was considered normal. The 
absence of choroidal tesselation in the fundus of the normal infant was 
striking. The child’s fundus was either diffusely red, with no choroidal 
details showing, or it was light, with a network of choroidal vessels 
visible throughout. The macular area was always of a deeper red than 
the rest of the field. Normally the foveal reflex was not seen, and the 
macula itself was localized only by its relationship to the disk. 


The hemorrhages seen were of three main types. Flame-shaped 
extravasations in the nerve fiber layer were most common and were 
most rapidly absorbed. Spherical, dull red hemorrhages lay in the deeper 
lavers of the retina and might persist for ten days or longer. Preretinal 
collections of fluid blood, very dark red and circumscribed, were the most 
persistent. The macula might have a hemorrhage almost resembling a 
traumatic hole in the macula and sometimes involving the disk. 


The popular idea that retinal hemorrhages occur in direct relation- 
ship to the length or the severity of the labor was upset by this research. 
In the graph constructed from data for the cases the curve for the 
hemorrhages conformed exactly with the curve for the births and was 
unaffected by the duration of the labor. Mr. Juler found the same to 
be true in the cases which he studied ten years ago. 

The incidence of hemorrhages in the entire group of 531 babies was 
12.2 per cent. Seventeen and five-tenths per cent of retinal hemorrhages 
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were shown in first-born babies, as compared with 9.2 per cent in babies 
horn in subsequent births. In first-born babies delivered with a forceps 
the incidence of hemorrhages was as high as 20.6 per cent, as against 
13.8 per cent in first-born babies born spontaneously, 

One important factor was the time after birth at which the exami- 
nation was made. For a series of infants being examined by Dr. Rich- 
man in London at the present time at the Queen Charlotte Lying-In 
lospital the incidence is rather higher than for the infants examined in 
New York, probably because the examinations are done within twenty- 
four hours after birth, i. e., before any absorption of hemorrhage has had 
time to take place. Every infant is entitled to have an examination of 
the eyes at birth as a routine procedure. 

DISCUSSION 

Mr. FRANK JULER: I had the privilege of doing some work on the 
same subject at the same hospital, the Queen Charlotte Lying-In Hos- 
pital, ten years ago, and it is interesting to learn that retinal hemor- 
rhages in the new-born occur in almost the same proportion in the two 
sets of figures. In some cases hemorrhages which were very evident 
twenty-four hours after birth had disappeared when the infants were 
examined from four to seven days after birth. The flamelike hemor- 
rhages vanish quickly, and the round clotlike hemorrhages take longer 
to disappear. It seems true that there is no relationship between the onset 
of the hemorrhage and the duration or severity of the labor. I had 
broached the idea that the incidence might depend on the connection 
between the central retinal vein and the cavernous sinus. There seems 
to be general agreement on the point that retinal hemorrhages must be 
due to intracranial pressure at birth. I have looked at the fundi of 19 
infants born by cesarean section before labor had started, and none 
of them showed hemorrhage. 


Miss IpA Mann: The gray color of the disk is due to myelinization 
spreading from behind forward and is the normal color, although 
atrophy of the optic nerve may be suggested. One of the disks shown 
had a scleral ring; it would be interesting to know whether a myopic 
type of disk was present or whether the child was myopic at birth. If a 
child is not myopic at birth and has that type of disk, the theory of 
stretching is not borne out. 


Mr. LeicGuHton DaviEs: Tying of the umbilical cord makes a great 
(difference in the venous circulation, and it may play a part in the causa- 
tion of retinal hemorrhages. 


Mr. SoOMERVILLE-LarGE: Has Dr. Richman discovered whether the 
hemorrhages extended to the retinal periphery in any of her cases? 
Has she examined fundi of infants when the eyes were under the influ- 
ence of a mydriatic? 


Dr. FRANCES RICHMAN, New York: For mydriasis I use a 0.5 per 
cent solution of homatropine; this is instilled into the eyes twice, with 
half an hour interval. Atropine and other mydriatics are no more 
effective than homatropine. Solutions of epinephrine hydrochloride cause 
wheals to appear on the infants’ skin. In some instances retinal hemor- 
rhage has extended as far into the periphery as one can see. 
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DysosTosis CRANIOFACIALIS. Mr. A. J. BALLANTYNE, Glasgow. 


To the ophthalmic surgeon the interest of cases of dysostosis cranio- 
facialis lies principally in the ocular complications, chiefly, optic neuritis, 
atrophy of the optic nerve and forward displacement or dislocation of 
the eyeballs. The case described appears to belong to the group of cases 
of hereditary craniofacialis dysostosis, or Crouzon’s disease. There is 
no evidence that syphilis, tuberculosis or rickets plays an etiologic role. 
The deformity is sometimes present at birth, but in some cases it may 
not show itself until the second year of life. At birth the exophthalmos 
is so extreme that something has to be done to protect the exposed eye. 
The condition is compatible with normal intelligence, and patients have 
been known to live to 35 and even to 60 years of age. Crouzon observed 
7 cases in three generations. 

In the case to be described a 4 month old boy is said to have had a 
deformity of the head since birth, and the circumference of the head 
has increased to 22 inches (55.8 cm.). From earliest days the eyes 
have shown a tendency to come forward in front of the eyelids when 
the child cried. When examined, the eyes were very prominent. In the 
right eye the sclera was exposed almost to the equator; the eye could 
easily be dislocated in front of the lids, but it also could be easily 
replaced. In the right eye there were a coloboma of the iris, downward 
and slightly inward, and moderate papilledema. The left eye, however, 
was found to be dislocated in front of the eyelids and could not be 
replaced. As the left eye was not protected by the lids, the conjunctiva 
bulbi was very edematous and protruding, the cornea was cloudy’, pus 
was present in the anterior chamber, and the lower part of the iris 
could be clearly seen. As the left eye could not be saved, it was excised, 
with the patient under general anesthesia. 

On sectioning the enucleated left eye Dr. Michaelson found that the 
retina, choroid and ciliary body were normal. Pigment was present in 
the retinal pigment epithelium and in the retinal layers of the ciliary 
body but was practically absent from the stroma of the choroid. In the 
cornea, necrosis was indicated by absence of nuclear staining in the ante- 
rior half, and at the margin of the cornea this necrotic portion had 
begun to separate from the posterior half of the cornea, epithelium 
growing in from the limbus to cover the intact part of the cornea. The 
anterior chamber contained a good deal of fibrinous exudate with poly- 
morphonuclear leukocytes, and similar cells were numerous in the iris 
and in the pectinate ligament at the angle of the anterior chamber. 


DISCUSSION 

Mr. W. H. McMutten: The description of this case shows that 
the condition is closely allied to oxycephaly, of which I published an 
instance many years ago. 

Mr. Gray Crecc: The variations in the vision in certain cases of 
this disease may be related to the size of the optic foramen. Variations 
in the size of the foramen are found in association with deformities of 
the skull. Have roentgenograms been taken to show the variations in the 
diameters of the optic foramina ? 

Mr. A. J. BALLANTYNE, Glasgow: It is 1: rted that the optic 
foramen is deformed in these cases, but I have not seen a reference to 
the effect that roentgenograms were taken to make a comparison. 
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A CLINICAL Stupy oF Firty-Four Cases oF OCCLUSION OF THE 
CENTRAL ARTERY OF THE RETINA AND ITs BRANCHES. Mk. J. 
Minton, F.R.C.S. 


Of 54 patients suffering from obstruction or occlusion of the central 
artery of the retina or its branches in the past six years, 46 were over 
50 years of age. Five patients, under 40 years of age, had associated 
valvular disease of the heart. Most of the patients showed evidence of 
retinal arteriosclerosis. Raehlmann considered that so-called embolism 
of the central artery of the retina was not due to an importation of a 
plug from some distant source, and Coats thought that the “embolism” 
was the result of endarteritis of the retinal arteries. While thrombosis 
has been an important factor in my cases, it must not be regarded as the 
primary factor. In certain cases embolism has been a possible expla- 
nation. The investigation shows that the superior temporal branch, 
alone or in association with the superior nasal branch, is occluded more 
frequently than any other branch. In 2 patients occlusion of a branch 
of the central artery was associated with thrombosis of a tributary of 
the retinal vein. In a number of the patients spasm of the retinal 
arteries was observed. Priestley Smith suggested in 1913 that pro- 
longed spasm of the central retinal artery was responsible for temporary 
or permanent blindness in some cases. The clinical and experimental 
evidence points to the fact that angiospasm may in many cases precipi- 
tate the onset of occlusion of the diseased retinal arteries. Twenty-seven 
of the patients are now alive, in several cases many years after the 
onset of the occlusion. Fourteen of the patients are dead, but several 
of the latter lived for a number of years after the occlusion. 


Mr. T. Harrison Butter: I had as a patient the master of a large 
public school who said that he had been subject to transient attacks of 
blindness, lasting from fifteen to twenty minutes, for some thirty years. 
If an artery is really thrombosed I do not see how it can become normal 
again in a short time. In some cases of obstruction one can see, after 
a day or two, detached portions of clot wandering about, and the circu- 
lation is reestablished, though the sight may not come back. Spasm 
seems to me to be a far more likely explanation than any organic 
condition, and I think that spasm is more frequent than is generally 
supposed. 

Str JoHN Parsons: Has any member tried acetylcholine in a 
number of cases? I tried it in one case, but the result was not very 
good. It seems a reasonable method of treatment. 

Mr. FRANK JULER: I think that some house surgeons at Moorfields 
have tried acetylcholine for this condition on a number of occasions, 
but without benefit. 


Mr. F. T. RipLey: On rare occasions this condition follows a blow 
on the head. An apparently normal girl had a typical lesion after 
severely striking her head on a telephone bracket. 


Mr. HumpuHrEY NEAME: Paracentesis is worth trying in these 
cases, in spite of the liability of the embolus to shift. I had as a patient 
2 man over 60 years of age who six months before had lost the sight 
of one eye, and the other eye showed this condition. Within twenty- 
four hours after he was admitted to the hospital I did a paracentesis, 
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and in forty-eight hours vision had returned to 6/12. I tried acetyl- 
choline in the case of a woman forty-eight hours after the onset of this 
condition, and no benefit was obtained. 

Mr. Ranson PickarpD: Obviously, acetylcholine will not aid except 
in cases of spasm. There may be a number of attacks of angiospasm 
before the onset of permanent blindness, analogous with what takes 
place in the brain, as shown by temporary aphasia or temporary 
hemiplegia. 





Book Reviews 


Szemészeti Miitéttan (Textbook of Ophthalmic Surgery). By L. 
Blaskovics. Third edition. Pp. 332, with 442 illustrations. Pub- 
lished by the author, Budapest, 1936. 


This new edition of Blaskovics’ textbook of ophthalmic surgery has 

been thoroughly revised. While the previous editions served the needs 
of undergraduates and of those who were preparing for ophthalmology, 
this edition treats mostly of those procedures which are used by the 
author, as is stated in the preface, and the opinion is expressed that it 
is better to descrite fewer methods in a thorough manner than 
too many. 
:  Blaskovics is well known as the originator of several new methods 
in ophthalmic surgery and has improved a number of operative pro- 
cedures, especially on the eyelids. This explains why he devotes one 
third of the book and nearly half of the illustrations to the description 
of operations on the eyelids. The text and the illustrations of this part 
are excellent, especially those illustrations showing his well known and 
widely used operation for ptosis. 

Some of the plastic procedures described in his book are of historical 
value only and could be omitted, for instance, Landolt’s method of 
operation on the upper lid, Kuhnt’s canthoplasty and the trapezoid- 
shaped flaps with remaining ugly scars on the forehead. 

While one hundred and nine pages are used to describe operations 
on the lid and fifteen pages and sixteen illustrations are used for the 
description of operations on the lacrimal apparatus, the one operation 
which is of special interest for all ophthalmic surgeons nowadays, the 
operation for detachment of the retina, is treated very briefly, in five 
pages, with three illustrations. 

A few methods are described which do not increase the value of 
the book and which in a new or translated edition could be omitted 
without loss. One of them is the excision of the prolapse of the ciliary 
body and choroid after scleral injury. Blaskovics expresses the opinion 
that these tissues are no longer a noli me tangere, as he cured a patient 
with a scleral wound more than 15 mm. long by excision of the pro- 
lapsed iris, ciliary body and choroid and suturing of the scleral wound. 
One or two cases in which such procedures resulted successfully may 
give occasion for an interesting casuistic publication but in the reviewer’s 
opinion do not disprove the validity of the rule that too extensive 
activity in the region of the ciliary body, this most vulnerable part of 
the human eye, is and remains very dangerous, and those who in their 
surgical activities have to be assisted by textbooks should not be 
encouraged to risk such operations. 

Nor does the reviewer agree that Horvath’s method of extracapsular 
extraction combined with full extraction of the capsule, a method which 
has been previously described in the Klinische Monatsblitter, is an 
operation which has a future. In cases in which an intracapsular extrac- 
tion seems unlikely to succeed Horvath makes an incision in the capsule 
near the equator of the lens, removes the nucleus by expression and 
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then grasps the capsule with a special capsule forceps and attempts to 
extract it. In the reviewer’s opinion, this is a superfluous complication 
of the excellent method of extracapsular extraction. 

After these remarks of well meant criticism it is a pleasure to 
mention the clear and excellent text, which not only makes the book 
instructive but gives it a personal charm. 

The plates are good, and the illustrator, as well as the printer, did 
his best to make the appearance of the book worthy of the text and of 
the eminent author. J. Imre. 


Detachment of the Retina. By H. Arruga, M.D. Price, $25. Pp. 137, 
with 226 illustrations, many in color. Published by the author, 
Barcelona, 1936. 


In this book Arruga aims to emphasize the practical side of the 
symptomatology and treatment of detachment of the retina rather than 
the etiology and pathologic anatomy, so as to aid the ophthalmologist 
with limited opportunity for experience in this subject. 

In regard to the etiology the following causes must be considered: 
myopia (this is the cause in 60 per cent of the cases), trauma (a factor 
chiefly in eyes predisposed to detachment), peripheral chorioretinitis 
and myopic and senile degeneration of the retina. The theories advanced 
to explain the pathogenesis are briefly stated, and the histologic changes 
observed in the retina, vitreous and choroid are described and beauti- 
fully illustrated. The method of examination and its difficulties are 
next considered. The appearance of the tears is shown in many excellent 
and instructive colored drawings. In considering the prognosis, next 
to duration the anatomic condition of the detachment is predominant. 
Under treatment the localization of the hole is first described; then 
follows a description of the various technics: thermocautery, galvano- 
cautery, chemical cauterization, diathermia and electrolysis. The impor- 
tance of ophthalmoscopic control during operation is stressed. In hazy 
media the author makes use of a fine lancet-like knife which is forced 
through the sclera and serves to indicate the position of the hole. 

The author favors diathermia and uses the delicate electrode of 
Lacarrere. To immobilize the eyeball after operation a suture is passed 
through the inferior rectus muscle and the lower lid. 

Postoperative care; the normal course of recovery, with instructive 
pictures of the changes in the fundus; complications; recurrences, and 
the general treatment, with a complete bibliography, conclude the book. 

One is indebted to Dr. Arruga for a beautiful and instructive atlas 
which cannot but be of the greatest help to every ophthalmologist. It 
is perhaps to be regretted that the author has not told us more of his 
personal experiences gained from the seven hundred operations which 
he has performed for detachment of the retina and that he has not 
defined more accurately just what his line of procedure now is. And, 
finally, a report of his results would have been of great interest. 

The English translation has been ably taken care of by Dr. R. 
Castroviejo, assisted by Dr. C. A. Perrera. 

ARNOLD KNAppP. 
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INTERNATIONAL 
INTERNATIONAL ASSOCIATION FOR PREVENTION OF BLINDNESS 
Honorary President: Prof. F. de Lapersonne, 217 Fauborg St. Honoré, Paris. 
President: Dr. P. Bailliart, 66, Boulevard Saint-Michel, Paris (6¢). 
Secretary-General: Prof. M. Van Duyse, Université de Gand, Gand, Prov. Ost- 
flandern, Belgium. 
All correspondence should be addressed to the President, Dr. P. Bailliart. 


INTERNATIONAL OPHTHALMOLOGIC CONGRESS 


Secretary: Dr. E. Marx, Costzeedijk 316, Rotterdam, Holland. 
Place: Cairo. Time: December 1937. 


INTERNATIONAL ORGANIZATION AGAINST TRACHOMA 
President: Dr. A. F. MacCallan, 33, Welbeck St., London, W., England. 


FOREIGN 
British MEDICAL ASSOCIATION, SECTION ON OPHTHALMOLOGY 


President: Dr. P. E. H. Adams, 6, Holywell, Oxford. 
Secretary: Dr. Thomasina Belt, 13, Mitchell Ave., Jesmond, Newcastle-on-Tyne. 


CHINESE OPHTHALMOLOGICAL SOCIETY OF PEIPING 
President: Dr. H. T. Pi, Peiping Union Medical College, Peiping. 
Secretary: Dr. C. K. Lin, 180 Hsi-Lo-yen, Chienmeng, Peiping. 
Place: Peiping Union Medical College, Peiping. Time: Last Friday of each 

month. 
GERMAN OPHTHALMOLOGICAL SOCIETY 

President: Prof. Lohlein, Jena. 
Secretary: Prof. A. Wagenmann, Heidelberg. 


MIDLAND OPHTHALMOLOGICAL SOCIETY 
President: Dr. T. E. Ashdown Carr, 34, Charnwood St., Derby, England. 
Secretary: T. Harrison Butler, 81, Edmund St., Birmingham, England. 
Place: Birmingham and Midland Eye Hospital. 
Time: Oct. 1, 1937. 


OPHTHALMOLOGICAL SOCIETY 'OF THE UNITED KINGDOM 


President: Mr. Gordon M. Holmes, 9, Wimpole St., London, W. 1. 
Secretary: Mr. J. D. M. Cardell, 27, Weymouth St., London, W. 1. 


OPHTHALMOLOGY SOCIETY OF BOMBAY 


President: Dr. D. D. Sathaye, 127 Girgaum Road, Bombay 4. 

Secretary: Dr. H. D. Dastur, Dadar, Bombay 14. 

Place: H. B. A. Free Ophthalmic Hospital, Parel, Bombay 12. Time: First 
Friday of every month. 


OxForD OPHTHALMOLOGICAL CONGRESS 


Master: Dr. C. G. Russ Wood, Hill House, Abberbury Rd., Iffley, Oxford, England. 

Hon. Secretary-Treasurer: Dr. F. A. Anderson, 12 St. John’s Hill, Shrewsbury, 
England, 

Time: July 8-10, 1937. 


* Secretaries of societies are requested to furnish the information necessary 
to make this list complete and to keep it up to date. 
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PoLisH OPHTHALMOLOGICAL SOCIETY 


President: Dr. W. KapuScinski, 2 Waly Batorego, Poznan. 
Secretary: Dr. J. Sobanski,- Lindley’a 4, Warszawa. 
Place: Lindley’a 4, Warszawa. 


RoyaLt Society oF MEDICINE, SECTION OF OPHTHALMOLOGY 


President: Dr. Ransom Pickard, 31, East Southernhay, Exeter, England. 
Secretary: Dr. A. Rugg-Gunn, 35, Harley St., London, W. 1. 
Time: June 11, 1937. 


SociEtE FRANCAISE D’ OPHTHALMOLOGIE 
Secretary: Dr. René Onfray, 6 avenue de la Motte Picquet, Paris 7é. 


SocrETY OF SWEDISH OPHTHALMOLOGISTS 


President: Prof. F. Berg, Uppsala, Sweden. 

Secretary: Dr. K. O. Granstrém, Sddermalmstorg 4 III tr., Stockholm, So., 
Sweden. 

TsINAN OPHTHALMOLOGICAL SOCIETY 

Chairman: Dr. Eugene Chan, Cheeloo University School of Medicine, Tsinan, 
Shantung. 

Place: Cheeloo University School of Medicine. Time: Last Thursday of alter- 
nate months. 


NATIONAL 


AMERICAN MEDICAL ASSOCIATION, SCIENTIFIC ASSEMBLY, SECTION ON 
OPHTHALMOLOGY 


Chairman: Dr. William L. Benedict, 102 Second Ave., S. W., Rochester, Minn. 


Secretary: Dr. Parker Heath, 1553 Woodward Ave., Detroit. 
Place: Atlantic City. Time: June 7-11, 1937. 


AMERICAN ACADEMY OF OPHTHALMOLOGY AND OTOLARYNGOI.OGY 


President: Dr. Frank E. Burch, 408 Peter St., St. Paul. 


Executive Secretary-Treasurer: Dr. William P. Wherry, 1500 Medical Arts 
Bldg., Omaha. 


Place: Palmer House, Chicago. Time: Oct. 10-15, 1937. 


AMERICAN OPHTHALMOLOGICAL SOCIETY 


President: Dr. Harry Friedenwald, 1212 Eutaw PI1., Baltimore. 
Secretary-Treasurer: Dr. J. Milton Griscom, 2213 Walnut St., Philadelphia. 
Place: Hot Springs, Va. Time: June 3-5, 1937. 


NATIONAL SOCIETY FOR THE PREVENTION OF BLINDNESS 


President: Mr. William Fellowes Morgan, 50 W. 50th St., New York. 
Managing Director: Mr. Lewis H. Carris, 50 W. 50th St., New York. 


SECTIONAL 
CENTRAL WISCONSIN SOCIETY OF OPHTHALMOLOGY AND OTOLARYNGOLOGY 


President: Dr. E. S. Schmidt, 107 E. Walnut St., Green Bay. 
Secretary: Dr. G. L. McCormick, 626 S. Central Ave., Marshfield. 


New ENGLAND OPHTHALMOLOGICAL SOCIETY 


President: Dr. James J. Regan, 520 Commonwealth Ave., Boston. 

Secretary-Treasurer: Dr. William P. Beetham, 5 Bay State Road, Boston. 

Place: Massachusetts Eye and Ear Infirmary, 243 Charles St., Boston. Time: 
8 p. m., third Tuesday of each month from November to April, inclusive. 
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Paciric Coast OtTo-OPHTHALMOLOGICAL SOCIETY 


President: Dr. A. J. Ridges, Walker Bldg., Salt Lake City, Utah. 
Secretary-Treasurer: Dr. Frederick C. Cordes, 384 Post St., San Francisco. 
Place: Salt Lake City, Utah. Time: May 24-27, 1937. 


Pucet Sounp ACADEMY OF OPHTHALMOLOGY AND OTO-LARYNGOLOGY 


President: Dr. L. H. Klemptner, 509 Olive St., Seattle. 
Secretary-Treasurer: Dr. Purman Dorman, Virginia Mason Hospital, Seattle. 


Rock River VALLEY Eye, Ear, NosE AND THROAT SOCIETY 
President: Dr. A. H. Pember, 500 W. Milwaukee St., Janesville, Wis. : 
Secretary-Treasurer: Dr. W. H. Elmer, 321 W. State St., Rockford, III. 


Place: Rockford, Ill., Janesville or Beloit, Wis. Time: Third Tuesday of each 
month. 


SAGINAW VALLEY ACADEMY OF OPHTHALMOLOGY AND OTOLARYNGOLOGY 


President: Dr. Robert Griswell, 707 Washington Ave., Bay City, Mich. 

Secretary-Treasurer: Dr. W. K. Slack, 308 Eddy Bldg., Saginaw, Mich. 

Place: Saginaw, Mich., or Bay City, Mich. Time: Second Tuesday of each 
month, except July and August. 


Stoux VALLEY Eye AND Ear ACADEMY 


President: Dr. L. H. Hohf, Yankton, S. D. 
Secretary-Treasurer: Dr. J. C. Decker, Francis Bldg., Sioux City, Iowa. 


SOUTHERN MEDICAL ASSOCIATION, SECTION ON Eye, Ear, NoseE AND THROAT 


Chairman: Dr. William A. Wagner, 914 American Bank Bldg., New Orleans. 
Secretary: Dr. O. M. Marchman, Medical Arts Bldg., Dallas, Texas. 


SOUTHWESTERN MICHIGAN TRIOLOGICAL SOCIETY 


President: Dr. O. B. McGillicuddy, 1908 Capitol Band Tower, Lansing, Mich. 
Secretary-Treasurer: Dr. Maurice C. Loree, 120 W. Hillsdale St., Lansing, Mich. 
Time: Third Thursday of alternate months. 


WESTERN PENNSYLVANIA Eye, Ear, NoSE AND THROAT SOCIETY 


President: Dr. Leslie R. Hazlett, 100 S. Main St., Butler. 
Secretary-Treasurer: Dr. C. W. Beals, 41 N. Brady St., DuBois. 


STATE 
CoLorADO OPHTHALMOLOGICAL SOCIETY 


President: A presiding officer is selected for each meeting alternately until all 
members have served. 

Secretary: Dr. Edna M. Reynolds, 227 16th St., Denver. 

Place: Capitol Life Building, Denver. Time: 7:30 p. m., third Saturday of the 
month, October to April, inclusive. 


ConneEcTIcuT STATE Mepicat Society, SecTION ON Eye, Ear, 
NosE AND THROAT 


President: Dr. Walter L. Hogan, 750 Main St., Hartford. 
Secretary-Treasurer: Dr. Shirley H. Baron, 309 State St., New London. 
Time: May, November. 
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Eye, Ear, NosE AND THROAT CLUB OF GEORGIA 


President: Dr. B. H. Minchew, 701 Elizabeth St., Waycross, Ga. 
Secretary-Treasurer: Dr. Edward S. Wright, 1001 Medical Arts Building, 
Atlanta, Ga. 


INDIANA ACADEMY OF OPHTHALMOLOGY AND OTO-LARYNGOLOGY 


President: Dr. J. R. Dillinger, French Lick. 
Secretary: Dr. Frederick V. Overman, 705 Hume-Mansure Bldg., Indianapolis. 


IowA ACADEMY OF OPHTHALMOLOGY AND OTO-LARYNGOLOGY 


President: Dr. James A. Downing, 406 Sixth Ave., Des Moines. 
Secretary-Treasurer: Dr. O. L. Thorburn, 21314 Main St., Ames. 
Place: Des Moines. 


MIcHIGAN STATE Mepicat Society, SECTION OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 


Chairman: Dr. Parker Heath, 1553 Woodward Ave., Detroit. : 
Secretary: Dr. D. R. Heetderks, 26 Sheldon Ave., S. E., Grand Rapids. 


MINNESOTA ACADEMY OF OPHTHALMOLOGY AND OTOo-LARYNGOLOGY 


President: Dr. William L. Benedict, Mayo Clinic, Rochester, Minn. 
Secretary-Treasurer: Dr. Walter E. Camp, 1918 Medical Arts Bldg., Minneapolis. 
Time: Second Friday of each month from October to May. 


MontTANA ACADEMY OF OTO-OPHTHALMOLOGY 


President: Dr. Edward S. Murphy, Northern Pacific Hospital, Missoula. 
Secretary: Dr. A. W. Morse, 507 Phoenix Bldg., Butte. 


New Jersey State Mepicat Society, SECTION ON OPHTHALMOLOGY, 
OTOLOGY AND RHINOLARYNGOLOGY 


Chairman: Dr. C. Coulter Charlton, 124 S. Illinois Ave., Atlantic City. 
Secretary: Dr. H. L. Harley, 124 S. Indiana Ave., Atlantic City. 


New York State Mepicat Society, Eye, Ear, Nos—E AND THROAT SECTION 


Chairman: Dr. Walter S. Atkinson, 168 Sterling St., Watertown. 
Secretary: Dr. Marvin F. Jones, 121 E. 60th St., New York City. 


NortH CAROLINA Eye, Ear, Nose AND. THROAT SOCIETY 
President: Dr. J. M. Lilly, 302 Old St., Fayetteville. 


Secretary-Treasurer: Dr. Frank C. Smith, 106 W. 7th St., Charlotte. 
Place: Charlotte. Time: October. 


Norta DaKxotra ACADEMY OF OPHTHALMOLOGY AND OtTo-LARYNGOLOGY 


President: Dr. Trygve Oftedal, 5534 Broadway, Fargo. 
Secretary-Treasurer: Dr. F. L. Wicks, 514 6th St., Valley City. 


OreEGoN ACADEMY OF OPHTHALMOLOGY AND OTO-LARYNGOLOGY 


President: Dr. A. B. Dykman, Medical Dental Bldg., Portland. 
Secretary-Treasurer: Dr. Andrew J. Browning, 418 Mayer Bldg., Portland. 
Place: Good Samaritan Hospital. Time: Third Tuesday of each month. 


RuHopE IsLAND OPHTHALMOLOGICAL AND OTOLOGICAL SOCIETY 


Acting President: Dr. Nathan Bolotow, 108 Waterman St., Providence. 

Secretary-Treasurer: Dr. Gordon J. McCurdy, 122 Waterman St., Providence. 

Place: Rhode Island Medical Library. Time: 8:30 p. m., second Thursday in 
October, December, February and April. 
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| 

SoutH CAROLINA SocIETY OF OPHTHALMOLOGY AND OTOLARYNGOLOGY 
President: Dr. R. E. Houston, 103 E. North St., Greenville. 
Secretary: Dr. J. W. Jervey Jr., 101 Church St., Greenville. 


TENNESSEE ACADEMY OF OPHTHALMOLOGY AND OTOLARYNGOLOGY 


President: Dr. W. W. Potter, 601 Walnut St., Knoxville. 
Secretary-Treasurer: Dr. W. D. Stinson, 248 Madison Ave., Memphis. 


TEXAS OPHTHALMOLOGICAL AND OTO-LARYNGOLOGICAL SOCIETY 


President: Dr. T. E. Fuller, 100 W. Board St., Texarkana, Texas. 
Secretary: Dr. O. M. Marchman, 1719 Pacific Ave., Dallas. 
Place: Fort Worth. Time: Dec. 11 and 12, 1937. 


UtaH OPHTHALMOLOGICAL SOCIETY 
President: Dr. V. P. White, 143% S. Main St., Salt Lake City. 


Secretary-Treasurer: Dr. E. B. Fairbanks, Boston Bldg., Salt Lake City. 
Time: Third Monday of each month. 


VIRGINIA Society OF OTO-LARYNGOLOGY AND OPHTHALMOLOGY 
President: Dr. Edwin W. Burton, University of Virginia, University. 


Secretary-Treasurer: Dr. George G. Hankins, 202 Medical Arts Bldg., Newport 
News. 


West Vircin1A STATE MepbicaL ASSOCIATION, Eye, Ear, Nose 
AND THROAT SECTION 


President: Dr. F. O. Marple, First Huntington National Bank Bldg., Huntington. 
Secretary: Dr. J. E. Blaydes, First National Bank, Bluefield. 


LOCAL 


ACADEMY OF MEDICINE OF NorRTHERN NEW JERSEY, SECTION ON 
Eye, Ear, Nose AND THROAT 
President: Dr. B. E. Failing, 31 Lincoln Park, Newark, N. J. 
Secretary: Dr. A. Russell Sherman, 671 Broad St., Newark, N. J. 
Place: 91 Lincoln Park South, Newark. Time: 8:45 p. m., second Monday of 
each month, October to May. 


AKRON ACADEMY OF OPHTHALMOLOGY AND OTOLARYNGOLOGY 
President: Dr. L. E. Brown, Second National Bldg., Akron. 
Secretary-Treasurer : Dr. C. R. Andersen, First-Central Tower, Akron. 
Time: First Monday in January, March, May and November. 


ATLANTA Eye, Ear, Nose AND THROAT SOCIETY 


President: Dr. William C. Warren Jr., 478 Peachtree St., Atlanta, Ga. 

Secretary: Dr. Alton V. Hallum, 478 Peachtree St., Atlanta, Ga. 

Place: Academy of Medicine, 38 Prescott St. Time: Second Friday of each 
month from October to May. 


BALTIMORE MeEpIcAL Society, SECTION ON OPHTHALMOLOGY 
Chairman: Dr. Jesse W. Downey Jr., 529 N. Charles St., Baltimore. 
Secretary: Dr. Mary L. Small, 18 W. Read St., Baltimore. 

Place: Medical and Chirurgical Faculty, 1211 Cathedral St. Time: 8:30 p. m., 
fourth Thursday of each month from October to May. 
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BrooKLYN OPHTHALMOLOGICAL SOCIETY 


President: Dr. Walter V. Moore, 1 Nevins St., Brooklyn. 

Secretary-Treasurer: Dr. Mortimer A. Lasky, 1 Nevins St., Brooklyn. 

Place: Kings County Medical Society Bldg., 1313 Bedford Ave. Time: Third 
Thursday in February, April, May, October and December. 


BuFFALO OPHTHALMOLOGIC CLUB 


President: Dr. Thurber LeWin, 112 Linwood Ave., Buffalo. 
Secretary-Treasurer: Dr. Meyer H. Riwchun, 367 Linwood Ave., Buffalo. 
Time: Second Thursday of each month. 


CHATTANOOGA SOCIETY OF OPHTHALMOLOGY AND OTOLARYNGOLOGY 


President: Each member, in alphabetical order. 
Secretary: Dr. A. H. Benz, 706 Medical Arts Bldg., Chattanooga. 
Place: Mountain City Club. Time: Second Thursday of each month from Sep- 
tember to May. 
CHICAGO OPHTHALMOLOGICAL SOCIETY 


President: Dr. G. Henry Mundt, 30 N. Michigan Ave., Chicago. 

Secretary-Treasurer: Dr. Earle B. Fowler, 55 E. Washington St., Chicago. 

Place: Medinah Michigan Avenue Club, 505 N. Michigan Ave. Time: Third 
Monday of each month from October to May. 


‘CINCINNATI OPHTHALMIC CLUB 


Chairman: Each member, in rotation. 

Secretary-Treasurer: Dr. E. R. Thomas, 819 Carew Tower, Cincinnati. 

Place: Holmes Memorial Library, Cincinnati General Hospital. Time: 8:15 
p. m., third Monday of each month except June, July and August. 


CLEVELAND ACADEMY OF MEDICINE, SECTION OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 


Chairman: Dr. A. D. Ruedemann, 2020 E. 93d St., Cleveland. 
Secretary: Dr. Fred W. Dixon, 1029 Rose Bldg., Cleveland. 
Place: Winton Hotel. Time: Fourth Friday of each month. 


CLEVELAND OPHTHALMOLOGICAL CLUB 


Chairman: Dr. A. B. Bruner, 629 Euclid Ave., Cleveland. 
Secretary: Dr. M. W. Jacoby, Hanna Bldg., Cleveland. 


COLLEGE OF PHYSICIANS, PHILADELPHIA, SECTION ON OPHTITALMOLOGY 


Chairman: Dr. Charles R. Heed, 1205 Spruce St., Philadelphia. 
Clerk : Dr. Alexander G. Fewell, 1924 Pine St., Philadelphia. 
Time: Third Thursday of every month from October to April, inclusive. 


CotumMBUS OPHTHALMOLOGICAL AND OTO-LARYNGOLOGICAL SOCIETY 


Chairman: Dr. Andrew Timberman, 21 E. State St., Columbus, Ohio. 
Secretary-Treasurer: Dr. Claude S. Perry, 40 S. Third St., Columbus, Ohio. 
Place: Deshler Wallick Hotel. Time: 6 p. m., first Monday of each month. 


Corpus Curistr Eye, Ear, NosE AND THROAT SOCIETY 


Chairman: Dr. A. W. Davidson, City National Bank Bldg., Corpus Christi, Texas. 

Secretary: Dr. E. King Gill, 720 Medical-Professional Bldg., Corpus Christi, 
Texas. 

Time: Second Thursday of each month from October to May. 
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DaLLas ACADEMY OF OPHTHALMOLOGY AND OTO-LARYNGOLOGY 


President: Dr. Hugh L. McLaurin, 1719 Pacific Ave., Dallas, Texas. 

Secretary: Dr. Maxwell Thomas, 1719 Pacific Ave., Dallas, Texas. 

Place: Dallas Athletic Club. Time: 6:30 p. m., first Tuesday of each month 
from October to June. The November, January and March meetings are 
devoted to clinical work. 


Des Mornes ACADEMY OF OPHTHALMOLOGY AND OTOLARYNGOLOGY 


President: Dr. E. G. Linn, 604 Locust St., Des Moines, Iowa. 

Secretary-Treasurer: Dr. Grace Doane, 614 Bankers Trust Bldg., Des Moines, 
Iowa. 

Time: 7:45 p. m., third Monday of every month from September to May. 


DetroIr OPHTHALMOLOGICAL CLUB 
Chairman: Members rotate alphabetically. 


Secretary: Dr. William Fowler, 1424 Maccabee Bldg., Detroit. 
Time: 6:30 p. m., first Wednesday of each month. 


EASTERN New YorK Eye, Ear, Nose AND THROAT ASSOCIATION 


President: Dr. A. W. Greene, 148 Barrett St., Schenectady. 
Secretary-Treasurer: Dr. Joseph L. Holohan, 317 State St., Albany. 
Time: Third Wednesday in October, November, March, April, May and June. 


Fort Wort Eye, Ear, Nose and THROAT SOCIETY 


President: Dr. Van D. Rathgeber, 1012 Medical Arts Bldg., Fort Worth. 

Secretary-Treasurer: Dr. Charles R. Lees, 306 W. Broadway, Fort Worth. 

Place: Medical Hall, Medical Arts Bldg. Time: 7:30 p. m., first Friday of each 
month except July and August. 


GRAND Rapips Eye, Ear, NosE AND THROAT SOCIETY 


President: Dr. Dewey R. Heetderks, 405 Medical Arts Bldg., Grand Rapids, 
Mich, 

Secretary-Treasurer: Dr. Robert G. Laird, 500 Metz Blidg., Grand Rapids, Mich. 

Place: Various local hospitals. Time: Third Thursday of alternating months, 
September to May. 


Houston ACADEMY OF MEDICINE, Eye, Ear, NosE AND 
THROAT SECTION 


President: Dr. Henry C. Haden, 1914 Travis St., Houston, Texas. 

Secretary: Dr. George C. Farrish, 1625 Main St., Houston, Texas. 

Place: Medical Arts Bldg., Harris County Medical Society Rooms. Time: 
8 p. m., second Thursday of each month from September to June. 


INDIANAPOLIS OPHTHALMOLOGICAL AND OTOLARYNGOLOGICAL SOCIETY 


President: Dr. J. C. Daniel, 23 E. Ohio St., Indianapolis. 

Secretary: Dr. Kenneth L. Craft, 23 E. Ohio St., Indianapolis. 

Place: University Club. Time: 6:30 p. m., second Thursday of each month 
from October to May. 


Kansas City Society oF OPHTHALMOLOGY AND OTO-LARYNGOLOGY 


President: Dr. H. B. Davis, 1101 Grand Ave., Kansas City, Mo. 

Secretary: Dr. Byron Black, Professional Bldg., Kansas City, Mo. 

Time: Third Thursday of each month from September to May. The November, 
January and March meetings are devoted to clinical work. 
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Lonc Beacu Eye, Ear, Nose AND THROAT SOCIETY 


Chairman: Dr. K. C. Brandenburg, 110 Pine Ave., Long Beach, Calif. 

Secretary-Treasurer: Dr. Ben K. Parks, 619 Professional Bldg., Long Beach, 
Calif. ; 

Place: Professional Bldg. Time: Last Wednesday of each month from October 
to May. 


Los ANGELES SOcIETY OF OPHTHALMOLOGY AND OTO-LARYNGOLOGY 


President: Dr. Isaac H. Jones, 1930 Wilshire Blvd., Los Angeles. 

Secretary-Treasurer: Dr. John P. Lordan, 2007 Wilshire Blvd., Los Angeles. 

Place: Los Angeles County Medical Association Bldg., 1925 Wilshire Blvd. Time: 
6:30 p. m., fourth Monday of each month from September to May, inclusive. 


LouIsviILLE Eye, Ear, NosE AND THROAT SOCIETY 


President: Dr. J. S. Bumgardner, Heyburn ‘Bldg., Louisville, Ky. 

Secretary-Treasurer: Dr. Max Bornstein, Heyburn Bldg., Louisville, Ky. 

Place: Brown Hotel. Time: 6:30 p. m., second Thursday of each month from 
September to May, inclusive. 


MEDICAL SOCIETY OF THE District oF CoLuUMBIA, SECTION OF 
OPHTHALMOLOGY AND OTOLARYNGOLOGY 
Chairman: Dr. Arthur M. Zinkham, 815 Connecticut Ave., Washington. 
Secretary: Dr. E. J. Cummings, 1835 I St., N. W., Washington. 
Place: 1718 M St., N. W. Time: 8 p. m., third Friday of each month from 
October to April, inclusive. 


MempPHIS SOCIETY OF OPHTHALMOLOGY AND OTOLARYNGOLOGY 
Chairman: Each member, in alphabetical order. 
Secretary: Dr. R. O. Hychener, 130 Madison Ave., Memphis, Tenn. 
Place: Eye Clinic of Memphis Eye, Ear, Nose and Throat Hospital. Time: 
8 p. m., second Tuesday of each month. 


MILWAUKEE OTo-OPHTHALMIC SOCIETY 


President: Dr. Thomas A. Judge, 735 N. Water St., Milwaukee. 
Secretary-Treasurer: Dr. John B. Hitz, 208 E. Wisconsin Ave., Milwaukee. 
Place: University Club. Time: 6:30 p. m., second Tuesday of each month. 


MINNEAPOLIS OPHTHALMOLOGICAL SOCIETY 
Chairman: Each member in alphabetical order. 
Secretary: Dr. M. C. Pfunder, 645 Medical Arts Bldg., Minneapolis. 
Place: Hennepin County Medical Society rooms. Time: 6:30 p. m., fourth 
Monday of each month, October to May, inclusive. 


MontTGOMERY CouNTy MepicaL Society 
Chairman: Dr. A. G. Farmer, 1040 Fidelity Bldg., Dayton, O. 
Secretary-Treasurer: Dr. Rome M. Webster, 663 Reibold Bldg., Dayton, O. 
Place: Van Cleve Hotel. Time: 6:30 p. m., bimonthly, first Tuesday from 
October to June, inclusive. 


MONTREAL OPHTHALMOLOGICAL SOCIETY 


President: Dr. Stuart Ramsay, 1496 Mountain St., Montreal, Canada. 
Secretary: Dr. J. Rosenbaum, 1396 St. Catherine St., West, Montreal, Canada. 
Time: Second Thursday of October, December, February and April. 


NASHVILLE ACADEMY OF OPHTHALMOLOGY AND OTOLARYNGOLOGY 


Chairman: Dr. Kate S. Zerfoss, 119, 7th Ave., N., Nashville, Tenn. 

Secretary-Treasurer: Dr. Fowler Hollabaugh, Doctors Bldg., Nashville, Tenn. 

Place: St. Thomas Hospital. Time: 8 p. m., third Monday of each month from 
October to June. 
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NEw ORLEANS OPHTHALMOLOGICAL AND OTOLARYNGOLOGICAL SOCIETY 


President: Dr. R. H. Fisher, Chess and Checker Club, New Orleans. 

Secretary-Treasurer: Dr. H. F. Brewster, 837 Gravier St., New Orleans. 

Place: Eye, Ear, Nose and Throat Hospital. Time: Third Thursday of each 
month from October to June. 


New York AcADEMY OF MEDICINE, SECTION OF OPHTHALMOLOGY 


Chairman: Dr. John H. Dunnington, 30 W. 59th St., New York. 
Secretary: Dr. LaGrand H. Hardy, 30 E. 40th St. New York. 
Time: 8:30 p. m,, third Monday of every month from October to May, inclusive. 


OMAHA AND CouNcIL BLUFFS OPHTHALMOLOGICAL AND 
OtTo-LARYNGOLOGICAL SOCIETY 


President: Dr. W. H. Stokes, 107 S. 17th St., Omaha. 

Secretary-Treasurer: Dr. Delbert K. Judd, 1020 Medical Arts Bldg., Omaha. 

Place: Omaha Club, 20th and Douglas Sts., Omaha. Time: 6 p. m., dinner; 
7 p. m., program; third Wednesday of each month from October to May. 


PASSAIC-BERGEN OPHTHALMOLOGICAL CLUB 


President: Dr. E. C. Reynolds, 657 Main Ave., Passaic, N. J. 

Secretary-Treasurer: Dr. T. A. Sanfacon, 80 Park Ave., Paterson, N. J. 

Place: Paterson Eye and Ear Infirmary. Time: 9 p. m., last Friday of every 
month, except June, July and August. 


PHILADELPHIA County Mepicat Society, Eye Se&ctTion 


Chairman: Dr. Sidney L. Olsho, 235 S. 15th St., Philadelphia. 
Secretary: Dr. Edmund B. Spaeth, 1930 Chestnut St., Philadelphia. 
Time: First Thursday of each month from October to May. 


PITTSBURGH OPHTHALMOLOGICAL SOCIETY 


President: Dr. Glendon E. Curry, Westinghouse Bldg., Pittsburgh. 

Secretary: Dr. George H. Shuman, Park Bldg., Pittsburgh. 

Place: Pittsburgh Academy of Medicine Bldg. Time: Fourth Monday of each 
month, except June, July, August and September. 


PirtspurGH Sit LAmMp SOcIETY 


President: Dr. W. W. Blair, 121 University Pl., Pittsburgh. 

Secretary: Dr. George H. Shuman, Park Bldg., Pittsburgh. 

Place: Falk Clinic. Time: 4 p. m., second Friday of every month, except June, 
July, August and September. 


RICHMOND OPHTHALMOLOGICAL AND OTO-LARYNGOLOGICAL SOCIETY 


President: Dr. A. F. Bagby, Professional Bldg., Richmond, Va. 
Secretary: Dr. Richard W. Vaughan, Medical Arts Bldg., Richmond, Va. 
Place: Westmoreland Club. Time: 6 p. m., second Monday of each month from 
October to May. 
RocHESTER Eye, Ear, NosE AND THROAT SOCIETY 


President: Dr. R. E. Elliott, 78 S. Fitzhugh St., Rochester, N. Y. 

Secretary-Treasurer: Dr. Raphael Farber, 280 Monroe Ave., Rochester, N. Y. 

Place: Rochester Medical Association, 113 Prince St. Time: 8 p. m., third 
Monday of each month from October to May. 
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St. Louis OPHTHALMIC SOCIETY 


President: Dr. Carl T. Eber, 308 N. 6th St., St. Louis. 

Secretary: Dr. W. M. James, 508 N. Grand Ave., St. Louis. 

Place: Oscar Johnson Institute Time: Clinical meeting 5:30 p. m., dinner and 
scientific meeting 6:30 p. m., fourth Friday of each month from October to 
April, inclusive, except December. 


San ANTONIO OPHTHALMOLO-OTO-LARYNGOLOGICAL SOCIETY 


President: Dr. Oscar H. Judkins, 414 Navarro St., San Antonio, Texas. ; 

Secretary-Treasurer: Dr. Wilfred E. Muldoon, 414 Navarro St., San Antonid, 
Texas. 

Place: Bexar County Medical Library. Time: 8 p. m., first Tuesday of each 
month from October to May. 


San Francisco County MepicaL Society, SECTION oN Eye, 
Ear, NosE AND THROAT 


Chairman: Dr. Joseph W. Crawford, 490 Post St., San Francisco. 
Secretary: Dr. Russell Fletcher, 490 Post St., San Francisco. 

Place: Society’s Building, 2180 Washington St., San Francisco. 

Time: Fourth Tuesday of every month except May, June, July and December. 


SHREVEPORT Eye, Ear, Nose AND THROAT SOCIETY 
President: Dr. John T. Crebbin, 624 Travis St., Shreveport, La. 
Secretary-Treasurer: Dr. J. A. Wilkinson, Medical Arts Bldg., Shreveport, La. 
Place: 1240 Texas Ave. Time: 7:30 p. m., first Monday of every month 
except July, August and September. 


SPOKANE ACADEMY OF OPHTHALMOLOGY AND OtTo-LARYNGOLOGY 
President: Dr. C. A. Veasey Jr., 407 Riverside Ave., Spokane, Wash. 
Secretary: Dr. Philip B. Green, Old National Bank Bldg., Spokane, Wash. 
Place: Paulsen Medical and Dental Library. Time: 8 p. m., fourth Tuesday of 

each month except June, July and August. 


Syracuse Eye, Ear, Nose AND THROAT SOCIETY 


President: Dr. W. J. Werfelman Jr., 725 State Tower Bldg., Syracuse, N. Y. 
Secretary-Treasurer: Dr. I. Herbert Katz, 212 Medical Arts Bldg., Syracuse, 


Place : University Club. Time: First Tuesday of each month except June, July 
and August. 


Toronto ACADEMY OF MEDICINE, SECTION OF OPHTHALMOLOGY 


Chairman: Dr. Samuel Mortimer Lyon, 122 Bloor St., W. Toronto. 
Time: First Monday of each month, November to April. 


WASHINGTON, D. C., OPHTHALMOLOGICAL SOCIETY 
President: Dr. James M. Greear Jr., 1740 M St., N. W., Washington, D. C. 
Secretary-Treasurer: Dr. Ernest Sheppard, 927 17th St., Washington, D. C. 


Place: Episcopal Eye, Ear and Throat Hospital. Time: 8 p. m.,, first Monday 
in November, January, March and May. 





